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DISPLAY DEVICE HAVING EACH PIXEL
DIVIDED INTO SUB PIXELS FOR IMPROVED
VIEW ANGLE CHARACTERISTIC

RELATED APPLICATIONS

The present application is a National Phase of International
Application Number PCT/JP2012/052698, filed Feb. 7, 2012,
and which is based upon and claims the benefit of priority
from Japanese Patent Application No. 2011-028810, filed on
Feb. 14, 2011.

TECHNICAL FIELD

The present invention relates to a display device, and par-
ticularly relates to a display device having a configuration in
which one pixel is divided into a plurality of sub pixels to
improve a view angle characteristic, and a driving method
thereof.

BACKGROUND ART

Conventionally, an active matrix-type liquid crystal dis-
play device that includes a thin film transistor (TFT) as a
switching element is known. The display unit of the active
matrix-type liquid crystal display device includes a plurality
of'source bus lines (video signal lines), a plurality of gate bus
lines (scanning signal lines), and a plurality of pixel forma-
tion portions that are respectively provided at intersections of
the plurality of source bus lines and the plurality of gate bus
lines. These pixel formation portions are arranged in a matrix
form to configure a pixel array.

FIG. 41 is a circuit diagram showing a configuration of a
pixel formation portion of a conventional general active
matrix-type liquid crystal display device. As shown in FIG.
41, the pixel formation portion includes a thin film transistor
T91 having a gate electrode connected to a gate bus line GL.
passing through a corresponding intersection and having a
source electrode connected to a source bus line SL passing
through the intersection, a pixel electrode 92 connected to a
drain electrode of the thin film transistor T91, a common
electrode (counter electrode) COM and an auxiliary capaci-
tance electrode CS provided so as to be shared among the
plurality of pixel formation portions, a liquid crystal capacitor
Clc formed by the pixel electrode 92 and the common elec-
trode COM, and an auxiliary capacitor Cstg formed by the
pixel electrode 92 and the auxiliary capacitance electrode CS.
Further, a pixel capacitance is formed by the liquid crystal
capacitor Clc and the auxiliary capacitor Cstg. Then, a volt-
age indicating a pixel value is held in the pixel capacitance,
based on a video signal that a source electrode of the thin film
transistor T91 receives from the source bus line SL. when a
gate electrode of the thin film transistor T91 receives an active
scanning signal from the gate bus line GL. Note that the
auxiliary capacitor Cstg is not necessarily provided.

Further, a liquid crystal display device having a configura-
tion in which one pixel is divided into a plurality of (typically,
two) sub pixels to improve the view angle characteristic is
also known (for example, refer to JP 2006-133577 A). This
configuration is referred to as a “multi-pixel structure”. In the
liquid crystal display device having the multi-pixel structure,
aliquid crystal is driven so that brightnesses of the plurality of
sub pixels become mutually different brightnesses. FIG. 42 is
a circuit diagram showing a configuration example of a pixel
formation portion in the conventional liquid crystal display
device having the multi-pixel structure. As shown in FIG. 42,
in this liquid crystal display device, a pixel formation portion
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2

PIX9 is constituted by two sub pixel units (a first sub pixel
unit PIX94 and a second sub pixel unit PIX95). Both sub pixel
units (PIX9a, PIX95) include transistors (192, T93), pixel
electrodes (E91, E92), liquid crystal capacitors (ClcA, ClcB),
and holding capacitors (CstA, CstB), as common constituent
elements. The second sub pixel unit PIX95 further includes a
transistor T94 having a gate electrode connected to a scanning
signal line GLi+1 and having a source electrode connected to
the pixel electrode E92, a capacitance electrode E93 con-
nected to a drain electrode of the transistor T94, and a buffer
capacitance Cdown formed by the capacitance electrode E93
and a common electrode (auxiliary capacitance electrode)
COM 102. In such a configuration, when the scanning signal
line GLi is in a selected state, the potential of the pixel
electrode E91 in the first sub pixel unit PIX9a becomes equal
to the potential of the pixel electrode E92 in the second sub
pixel unit PIX95. Thereafter, when the scanning signal line
GLi+1 isin the selected state, the transistor T94 is placed in an
on state. Accordingly, a charge moves between the pixel
electrode E92 and the capacitance electrode E93, and the
potential of the pixel electrode E92 varies. As a result, the
pixel electrode E91 and the pixel electrode E92 have different
potentials, and the first sub pixel unit PIX9a and the second
sub pixel unit PIX95 have different brightnesses.

Inrecent years, development of high definition of a display
image in the liquid crystal display device is remarkable.
Examples of high definition include 4K (resolution: 3840x
2048) of atelevision large panel. When the display image has
high definition, power consumption associated with the drive
of the panel increases. Regarding the power consumption of
the panel, power due to charge and discharge of a source bus
line is the majority. The power consumption due to the charge
and discharge of the source bus line is obtained from (the
number of source bus lines)x(wiring capacitance of source
bus lines)x(drive frequency)x(square of amplitude of video
signal). Therefore, by setting the amplitude of the video sig-
nal small, the power consumption of the panel can be effec-
tively reduced. JP 2009-109600 A discloses the invention of a
liquid crystal display device which enables reduction of the
amplitude of the video signal by amplifying the pixel elec-
trode potential. In this liquid crystal display device, the pixel
formation portion is configured as shown in FIG. 43 so that
the following drive is performed. In the first half of one
horizontal scanning period, an on-level potential is applied to
a line denoted by a reference character 9 in the state where an
off-level potential is applied to the gate bus line GL.. Accord-
ingly, thin film transistors 7902, T903 are placed in the on
state. As a result, a video signal potential (a potential of the
source bus line SL) is applied to a node 901, and a potential of
the common electrode COM is applied to a node 902. There-
after, in the latter half of the one horizontal scanning period,
the on-level potential is applied to the gate bus line GL in the
state where the off-level potential is applied to the line
denoted by the reference character 9. Accordingly, the thin
film transistor T901 is placed in the on state. As a result, a
video signal potential is applied to the node 902. That is, the
potential of the node 902 rises from the common electrode
potential to the video signal potential. At this time, because
the node 901 is in the floating state, the potential of the node
901 rises via a capacitance C91 with the rise in the potential
of the node 902. As described above, a larger voltage is
applied between the pixel electrode and the common elec-
trode.
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PRIOR ART DOCUMENTS

Patent Documents

[Patent Document 1] JP 2006-133577 A
[Patent Document 2] JP 2009-109600 A

SUMMARY OF THE INVENTION
Problems to be Solved by the Invention

However, in the invention disclosed in JP 2009-109600 A,
in the first half of the one horizontal scanning period, the
common electrode potential is applied to the node 902 (see
FIG. 43). That is, precharge using the common electrode
potential is performed. Therefore, the pixel electrode poten-
tial is amplified according to a difference between the video
signal potential and the common electrode potential. How-
ever, because the common electrode potential cannot be
freely set, the difference between the video signal potential
and the common electrode potential cannot be set sufficiently
large, and the amplification level of the pixel electrode poten-
tial is not sufficient. Further, since only one liquid crystal
capacitor Clc is provided to one pixel formation portion, the
invention disclosed in JP 2009-109600 A cannot be applied to
the liquid crystal display device having the multi-pixel struc-
ture.

Further, in the liquid crystal display device having the
multi-pixel structure shown in FIG. 42, the amplitude of the
video signal cannot be set small so as to reduce power con-
sumption, for the following reasons. In the frame during
which writing in the positive polarity is performed, when the
transistor T94 is placed in the on state, a positive charge
moves from the holding capacitance CstB to the buffer
capacitance Cdown. As a result, the potential of the pixel
electrode E92 in the second sub pixel unit PIX95 becomes
lower than the potential of the pixel electrode E91 in the first
sub pixel unit PIX9a. In the frame during which writing in the
negative polarity is performed, when the transistor T94 is
placed in the on state, the positive charge moves from the
buffer capacitance Cdown to the holding capacitance CstB.
As a result, the potential of the pixel electrode E92 in the
second sub pixel unit PIX956 becomes higher than the poten-
tial of the pixel electrode E91 in the first sub pixel unit PIX9a.
From the above, in both of the frame during which writing in
the positive polarity is performed and the frame during which
writing in the negative polarity is performed, a liquid crystal
application voltage in the second sub pixel unit PIX95
becomes smaller than a liquid crystal application voltage in
the first sub pixel unit PIX9a. Further, in the first sub pixel
unit PIX9a, the voltage of the difference between the video
signal potential and the common electrode potential is
applied to the liquid crystal. Therefore, in the second sub
pixel unit PIX95, a voltage smaller than the voltage of the
difference between the video signal potential and the com-
mon electrode potential is applied to the liquid crystal. From
the above, the amplitude of the video signal cannot be set
small so as to reduce the power consumption.

Therefore, an object of the present invention is to realize
low power consumption by reducing an amplitude of a video
signal, in a liquid crystal display device having a configura-
tionin which one pixel is divided into a plurality of sub pixels.

Means for Solving the Problems

A first aspect of the present invention is directed to an
active matrix-type display device which has a plurality of
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video signal lines, a plurality of scanning signal lines inter-
secting the plurality of video signal lines, a plurality of pixel
formation portions arranged in a matrix form at respective
intersections of the plurality of video signal lines and the
plurality of scanning signal lines, and a common electrode
provided so as to be shared among the plurality of pixel
formation portions, the display device comprising:

first control wirings that intersect at least one of the plural-

ity of video signal lines and the plurality of scanning signal
lines; and

second control wirings provided in one-to-one correspon-

dence with the plurality of scanning signal lines, wherein
each of the pixel formation portions includes

a first pixel electrode and a second pixel electrode to which

potentials according to an image to be displayed are to be
applied,

a first first-capacitor formed by the first pixel electrode and

the common electrode,

a second first-capacitor formed by the second pixel elec-

trode and the common electrode,

an amplification circuit unit for amplifying the potential of

the second pixel electrode, and

a first switching element having a control terminal con-

nected to the scanning signal line, a first conductive terminal
connected to the video signal line, and a second conductive
terminal connected to the amplification circuit unit,

the amplification circuit unit includes

an amplification stage including

a second switching element having a control terminal con-
nected to the second control wiring, and a first conduc-
tive terminal connected to the video signal line,

a third switching element having a control terminal con-
nected to the second control wiring, and a first conduc-
tive terminal connected to the first control wiring, and

a second-capacitor provided between a second conductive
terminal of the second switching element and a second
conductive terminal of the third switching element,

the second conductive terminal of the first switching ele-

ment is connected to the second conductive terminal of the
third switching element,

the first pixel electrode is connected to the second conduc-

tive terminal of the third switching element,

the second pixel electrode is connected to the second con-

ductive terminal of the second switching element, and
when focusing on any pixel formation portion,

one frame period during which display of one screen is

performed includes a selection period and a non-selection
period other than the selection period, the selection period
being for changing potentials of the first pixel electrode and
the second pixel electrode according to the image to be dis-
played and including a first period and a second period,

to a corresponding first control wiring, a constant potential

is applied, or a constant high level potential and a constant low
level potential are alternately applied,

to a corresponding second control wiring, a potential for

placing the second switching element and the third switching
element in an on state is applied in the first period, and a
potential for placing the second switching element and the
third switching element in an off state is applied in a period
other than the first period, and

to a corresponding scanning signal line, a potential for

placing the first switching element in an on state is applied in
the second period, and a potential for placing the first switch-
ing element in an off state is applied in a period other than the
second period.

According to a second aspect of the present invention, in

the first aspect of the present invention,
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the high level potential and the low level potential are
alternately applied to the first control wiring.

According to a third aspect of the present invention, in the
second aspect of the present invention,

when focusing on any pixel formation portion, to a corre-
sponding first control wiring,

the high level potential is applied in a selection period
during which a potential lower than a potential of the common
electrode is to be applied to the first pixel electrode and the
second pixel electrode, and

the low level potential is applied in a selection period
during which a potential higher than the potential of the
common electrode is to be applied to the first pixel electrode
and the second pixel electrode.

According to a fourth aspect of the present invention, in the
second aspect of the present invention,

when focusing on any pixel formation portion, to a corre-
sponding first control wiring,

the low level potential is applied in a selection period
during which a potential lower than a potential of the common
electrode is to be applied to the first pixel electrode and the
second pixel electrode, and

the high level potential is applied in a selection period
during which a potential higher than the potential of the
common electrode is to be applied to the first pixel electrode
and the second pixel electrode.

According to a fifth aspect of the present invention, in the
first aspect of the present invention,

when a center potential between a maximum potential and
a minimum potential that can be applied to the plurality of
video signal lines is a reference potential, a potential of the
common electrode is set to a potential lower than the refer-
ence potential by a value equal to a size of a change in a
potential of the first pixel electrode caused by a change in a
potential of the scanning signal line when shifting from the
selection period to the non-selection period, and

apotential of the first control wiring is set such that a center
potential between the potential of the second pixel electrode
in a selection period during which a potential higher than the
potential of the common electrode is to be applied to the
second pixel electrode and the potential of the second pixel
electrode in a selection period during which a potential lower
than the potential of the common electrode is to be applied to
the second pixel electrode becomes equal to the potential of
the common electrode.

According to a sixth aspect of the present invention, in the
fifth aspect of the present invention,

a potential Vctl of the first control wiring is set to a value
calculated by the following equation:

Vetl =Vd1+Vd2-Vecom—-AVg2

wherein Vdl represents a maximum potential that can be
applied to the plurality of video signal lines, Vd2 represents a
minimum potential that can be applied to the plurality of
video signal lines, Vcom represents a potential of the com-
mon electrode, and AVg2 represents a size of a change in the
potential of the second pixel electrode caused by a change in
the potential of the scanning signal line when shifting from
the selection period to the non-selection period.

According to a seventh aspect of the present invention, in
the first aspect of the present invention,

the first control wirings are arranged so as to extend in
parallel with the scanning signal lines.

According to an eighth aspect of the present invention, in
the first aspect of the present invention,

the first control wirings are arranged so as to extend in
parallel with the video signal lines.
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According to a ninth aspect of the present invention, in the
first aspect of the present invention,

the display device further comprises a two-layer transpar-
ent electrode including a first transparent electrode that func-
tions as the first pixel electrode and a second transparent
electrode including a portion that functions as the second
pixel electrode, and

the second-capacitor is formed by the first transparent elec-
trode and the second transparent electrode.

According to a tenth aspect of the present invention, in the
ninth aspect of the present invention,

the first transparent electrode is formed in a region between
the second transparent electrode and the common electrode,
and

an opening is provided at a center part of the first transpar-
ent electrode.

According to an eleventh aspect of the present invention, in
the ninth aspect of the present invention,

the second transparent electrode further includes a lattice-
shaped electrode part that is formed in a lattice shape so as to
have a portion extending in parallel with the scanning signal
line and a portion extending in parallel with the video signal
line, the lattice-shaped electrode part being electrically iso-
lated from a portion that functions as the second pixel elec-
trode, and

the lattice-shaped electrode part functions as the first con-
trol wiring.

According to a twelfth aspect of the present invention, in
the ninth aspect of the present invention,

the second transparent electrode further includes a shield
electrode part that is formed in a region between the video
signal line and the first transparent electrode, the shield elec-
trode part being electrically isolated from a portion that func-
tions as the second pixel electrode.

According to a thirteenth aspect of the present invention, in
the twelfth aspect of the present invention, the shield elec-
trode part is formed so as to cover the video signal line.

According to a fourteenth aspect of the present invention,
in the twelfth aspect of the present invention,

the shield electrode part is formed so as not to overlap with
the video signal line, and is formed in a region between the
video signal line and a portion of the second transparent
electrode that functions as the second pixel electrode in a
direction to which the scanning signal line extends.

According to a fifteenth aspect of the present invention, in
the twelfth aspect of the present invention, the shield elec-
trode part functions as the first control wiring.

According to a sixteenth aspect of the present invention, in
the ninth aspect of the present invention,

a liquid crystal is provided as a display medium between
the first pixel electrode and the common electrode and
between the second pixel electrode and the common elec-
trode,

each of the pixel formation portions forms a pixel consti-
tuted by a plurality of regions in which orientation states of
the liquid crystal are different from each other, and

an orientation center of a sub pixel unit including the first
pixel electrode match an orientation center of a sub pixel unit
including the second pixel electrode.

According to a seventeenth aspect of the present invention,
in the ninth aspect of the present invention,

a liquid crystal is provided as a display medium between
the first pixel electrode and the common electrode and
between the second pixel electrode and the common elec-
trode,
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each of the pixel formation portions forms a pixel consti-
tuted by a plurality of regions in which orientation states of
the liquid crystal are different from each other, and

out of a sub pixel unit including the first pixel electrode and
a sub pixel unit including the second pixel electrode, a sub
pixel unit in which relatively bright display is to be performed
is arranged at a center part of each pixel formation portion.

According to an eighteenth aspect of the present invention,
in the first aspect of the present invention,

a liquid crystal is provided as a display medium between
the first pixel electrode and the common electrode and
between the second pixel electrode and the common elec-
trode,

each of the pixel formation portions forms a pixel consti-
tuted by a plurality of regions in which orientation states of
the liquid crystal are different from each other, and

the first control wiring is arranged in a region correspond-
ing to a boundary part of the plurality of regions.

According to a nineteenth aspect of the present invention,
in the first aspect of the present invention,

the plurality of pixel formation portions are formed of a
plurality of pixel formation portions for a plurality of colors,
and

regarding a pixel formation portion for at least one color
out of the pixel formation portions for a plurality of colors, the
second-capacitor has a capacitance value different from that
of the pixel formation portions for other colors.

According to a twentieth aspect of the present invention, in
the first aspect of the present invention,

the plurality of pixel formation portions are formed of a
plurality of pixel formation portions for a plurality of colors,
and

regarding a pixel formation portion for at least one color
out of the pixel formation portions for a plurality of colors, a
potential applied to a corresponding first control wiring is
different from potentials applied to first control wirings cor-
responding to pixel formation portions for other colors.

According to a twenty-first aspect of the present invention,
in the first aspect of the present invention,

the amplification circuit unit includes a plurality of ampli-
fication stages,

a second conductive terminal of the first switching element
is connected to a second conductive terminal of a third
switching element included in an amplification stage
arranged electrically farthest from the second pixel electrode
out of the plurality of amplification stages,

the first pixel electrode is connected to a second conductive
terminal of the first witching element or a second conductive
terminal of a second switching element included in an ampli-
fication stage other than an amplification stage arranged elec-
trically closest to the second pixel electrode out of the plural-
ity of amplification stages,

the second pixel electrode is connected to a second con-
ductive terminal of a second switching element included in an
amplification stage arranged electrically closest to the second
pixel electrode out of the plurality of amplification stages, and

when focusing on two continuous amplification stages, a
second conductive terminal of the second switching element
included in an amplification stage arranged electrically far-
ther from the second pixel electrode is connected to a second
conductive terminal of a third switching element included in
an amplification stage arranged electrically closer to the sec-
ond pixel electrode.

A twenty-second aspect of the present invention is directed
to a driving method of an active matrix-type display device
which has a plurality of video signal lines, a plurality of
scanning signal lines intersecting the plurality of video signal
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lines, a plurality of pixel formation portions arranged in a
matrix form at respective intersections of the plurality of
video signal lines and the plurality of scanning signal lines,
the plurality of pixel formation portions including first pixel
electrodes and second pixel electrodes to which potentials
according to an image to be displayed are to be respectively
applied, and a common electrode provided so as to be shared
among the plurality of pixel formation portions, the method
comprising:

regarding each of the pixel formation portions,

a pixel-electrode-potential change step for changing poten-
tials of the first pixel electrode and the second pixel electrode
according to the image to be displayed for each one frame
period during which display of one screen is performed, and

a pixel-electrode-potential maintaining step for maintain-
ing the potentials of the first pixel electrode and the second
pixel electrode, wherein

the display device includes

first control wirings that intersect at least one of the plural-
ity of video signal lines and the plurality of scanning
signal lines, and

second control wirings provided in one-to-one correspon-
dence with the plurality of scanning signal lines,

each of the pixel formation portions includes

a first first-capacitor formed by the first pixel electrode and
the common electrode,

a second first-capacitor formed by the second pixel elec-
trode and the common electrode,

an amplification circuit unit for amplifying the potential of
the second pixel electrode, and

a first switching element having a control terminal con-
nected to the scanning signal line, a first conductive
terminal connected to the video signal line, and a second
conductive terminal connected to the amplification cir-
cuit unit,

the amplification circuit unit includes

an amplification stage including

a second switching element having a control terminal con-
nected to the second control wiring, and a first conduc-
tive terminal connected to the video signal line,

a third switching element having a control terminal con-
nected to the second control wiring, and a first conduc-
tive terminal connected to the first control wiring, and

a second-capacitor provided between a second conductive
terminal of the second switching element and a second
conductive terminal of the third switching element,

the second conductive terminal of the first switching ele-
ment is connected to the second conductive terminal of the
third switching element,

the first pixel electrode is connected to the second conduc-
tive terminal of the third switching element,

the second pixel electrode is connected to the second con-
ductive terminal of the second switching element,

to the first control wiring, a constant potential is applied, or
a constant high level potential and a constant low level poten-
tial are alternately applied, and

when focusing on any pixel formation portion,

the pixel-electrode-potential change step includes

a first step of applying to a corresponding second control
wiring a potential for placing the second switching ele-
ment and the third switching element in an on state, in a
state where a potential for placing the first switching
element in an off state is applied to a corresponding
scanning signal line, and

a second step of applying to a corresponding scanning
signal line a potential for placing the first switching
element in an on state, in a state where a potential for
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placing the second switching element and the third
switching element in an off state is applied to a corre-
sponding second control wiring, and
in the pixel-electrode-potential maintaining step, a poten-
tial for placing the first switching element in an off state is
applied to a corresponding scanning signal line, and a poten-
tial for placing the second switching element and the third
switching element in an off state is applied to a corresponding
second control wiring.

Effects of the Invention

According to the first aspect of the present invention, each
of the pixel formation portions includes the first pixel elec-
trode and the second pixel electrode, and the selection period
for changing the potentials of the first pixel electrode and the
second pixel electrode according to the display image
includes the first period and the second period. The potential
of the first pixel electrode is set equal to the potential of the
first control wiring in the first period, and is thereafter set
equal to the video signal potential in the second period. The
potential of the second pixel electrode is set equal to the video
signal potential in the first period, and is thereafter amplified
according to the difference between the potential of the first
control wiring and the video signal potential in the second
period. In this manner, in the display device having a multi-
pixel structure (a configuration in which one pixel is divided
into a plurality of sub pixels), at the end point of the selection
period, the potential of the first pixel electrode (for example,
a pixel electrode provided in the dark display sub pixel)
becomes equal to the video signal potential, and the potential
of the second pixel electrode (for example, a pixel electrode
provided in the bright display sub pixel) becomes higher than
the video signal potential. Therefore, even when the ampli-
tude of the video signal is set smaller than a conventional
amplitude, a potential similar to the conventional potential
can be applied to the second pixel electrode. Accordingly, in
the display device having the multi-pixel structure, low power
consumption can be realized by reducing the amplitude of the
video signal.

According to the second aspect of the present invention, by
adjusting the high level potential and the low level potential
which are applied to the first control wiring, the relationship
between the transmission rate and the difference between the
video signal potential and the common electrode potential
(“pseudo VT characteristic” described later) can be suitably
adjusted. Accordingly, in the display device having the multi-
pixel structure, the degree of freedom of view angle compen-
sation is improved.

According to the third aspect of the present invention,
because the difference between the potential of the first con-
trol wiring and the video signal potential becomes larger in
the selection period, the potential of the second pixel elec-
trode is more greatly amplified. Therefore, in the display
device having the multi-pixel structure, the amplitude of the
video signal can be set remarkably smaller than the conven-
tional amplitude, and power consumption can be effectively
reduced.

According to the fourth aspect of the present invention,
similarly to the second aspect of the present invention, in the
display device having the multi-pixel structure, the degree of
freedom of view angle compensation is improved.

According to the fifth aspect of the present invention, in the
display device having the multi-pixel structure, the occur-
rence of a deviation in the application voltage to the pixel
capacitance between the positive and negative polarities is
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suppressed in both the dark display pixel and the bright dis-
play pixel, and the occurrence of burn-in of the screen and the
like is suppressed.

According to the sixth aspect of the present invention,
when the capacitance value of the second-capacitor is
extremely larger than the capacitance value of the second
first-capacitor or the parasitic capacitance, the potential of the
first control wiring can be set relatively easily so as to prevent
the occurrence of a deviation in the application voltage to the
pixel capacitance between the positive and negative polari-
ties.

According to the seventh aspect of the present invention, as
compared to the configuration in which the first control wir-
ings are arranged to extend in parallel with the video signal
lines, the required number of first control wirings becomes
small. Therefore, reduction in the aperture ratio due to the
provision of the first control wirings can be suppressed.

According to the eighth aspect of the present invention,
unlike the configuration in which the first control wirings are
arranged to extend in parallel with the scanning signal lines,
a precharge potential is not applied from one first control
wiring to a plurality of third switching elements at the same
timing. Therefore, the load applied to each first control wiring
at the time of performing the precharge (the first period) can
be reduced.

According to the ninth aspect of the present invention,
because the second-capacitor is formed by two layers of
transparent electrodes, the aperture ratio can be improved,
and the second-capacitor can be set without affecting the
aperture ratio.

According to the tenth aspect of the present invention, the
area of the sub pixel is determined by the area of the opening,
and the capacitance value of the second-capacitor is deter-
mined by the area (overlap amount) of the portion where the
first transparent electrode and the second transparent elec-
trode overlap each other. Therefore, the degree of freedom
concerning the design of the second-capacitor can be secured.

According to the eleventh aspect of the present invention,
the transparent electrode formed in a lattice shape functions
as the first control wiring. Therefore, the resistance of the first
control wiring becomes small, and the aperture ratio can be
improved.

According to the twelfth aspect of the present invention,
because the shield electrode part is provided in the region
between the first transparent electrode and the video signal
line, the influence that the variation in the video signal poten-
tial gives to the potentials of the first pixel electrode and the
second pixel electrode can be reduced.

According to the thirteenth aspect of the present invention,
because the shield electrode part is formed so as to cover the
video signal line, the influence that the variation in the video
signal potential gives to the potentials of the first pixel elec-
trode and the second pixel electrode can be effectively
reduced.

According to the fourteenth aspect of the present invention,
because the capacitance formed between the video signal line
and the shield electrode part becomes relatively small, the
influence that the variation in the video signal potential gives
to the potentials of the first pixel electrode and the second
pixel electrode can be reduced while reducing the wiring
capacitance of the video signal line.

According to the fifteenth aspect of the present invention,
one electrode functions as both the shield electrode part and
the first control wiring. Therefore, also in the display device
having the display unit of higher precision, the influence that
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the variation in the video signal potential gives to the poten-
tials of the first pixel electrode and the second pixel electrode
can be reduced.

According to the sixteenth aspect of the present invention,
in the display device (orientation division-type liquid crystal
display device) that employs a liquid crystal as a display
medium and includes a pixel constituted by a plurality of
regions in which orientation states of liquid crystals are dif-
ferent from each other, the orientation center of the bright
display sub pixel matches the orientation center of the dark
display sub pixel. Therefore, in the orientation division-type
liquid crystal display device, the number of dark lines can be
reduced. Accordingly, reduction in the transmission rate
caused by the dark lines can be suppressed.

According to the seventeenth aspect of the present inven-
tion, the bright display sub pixel is arranged at the center part
of'each pixel, and suitable display considering the orientation
characteristic of the liquid crystal is performed in the orien-
tation division-type liquid crystal display device.

According to the eighteenth aspect of the present invention,
in the orientation division-type liquid crystal display device,
the first control wirings are formed so as to overlap with the
dark lines. Therefore, reduction in the aperture ratio due to the
provision of the first control wirings can be effectively sup-
pressed.

According to the nineteenth aspect of the present invention,
the amplification level of the potential of the second pixel
electrode in the second period can be set to a different size for
each color. Accordingly, the view angle characteristic can be
adjusted more minutely.

According to a twentieth aspect of the present invention,
similarly to the nineteenth aspect of the present invention, the
amplification level of the potential of the second pixel elec-
trode in the second period can be set to a different size for each
color, and the view angle characteristic can be adjusted more
minutely.

According to a twenty-first aspect of the present invention,
in the selection period, the potential of the second pixel elec-
trode is amplified in a plurality of stages. Therefore, the
amplitude of the video signal can be set remarkably smaller
than the conventional amplitude, and the power consumption
can be substantially reduced compared to the conventional
power consumption.

According to the twenty-second aspect of the present
invention, an effect similar to that of the first aspect of the
present invention can be obtained in the driving method of the
display device.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is an equivalent circuit diagram showing a configu-
ration of a typical pixel formation portion (a portion forming
one pixel) in a display device of the present invention.

FIG. 2 is a signal waveform diagram for describing an
operation of a pixel formation portion in a selection period.

FIG. 3 is a diagram showing a relationship between a
transmission rate and a difference between a video signal
potential and a common electrode potential.

FIG. 4 is a block diagram showing an overall configuration
of an active matrix-type liquid crystal display device accord-
ing to a first embodiment of the present invention.

FIG. 5 is a diagram showing an arrangement relationship
between the pixel formation portion and each line in the first
embodiment.

FIG. 6 is a diagram showing a layout near the pixel forma-
tion portion in the first embodiment.
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FIG. 7 is a diagram for describing the layout near the pixel
formation portion in the first embodiment.

FIG. 8 is a signal waveform diagram for describing a driv-
ing method in the first embodiment.

FIG. 9 is a signal waveform diagram for describing the
operation of the pixel formation portion in the selection
period in the first embodiment.

FIG. 10 is a signal waveform diagram for describing a
deviation in a liquid crystal application voltage between posi-
tive and negative polarities in the first embodiment.

FIG. 11 is a signal waveform diagram for describing an
example of the operation of the pixel formation portion in the
first embodiment.

FIG. 12 is a signal waveform diagram for describing a
driving method in a second embodiment of the present inven-
tion.

FIG. 13 is a signal waveform diagram for describing an
operation of a pixel formation portion in a selection period in
the second embodiment.

FIG. 14 is a signal waveform diagram for describing an
example of the operation of the pixel formation portion in the
second embodiment.

FIG. 15 is a signal waveform diagram for describing an
example of the operation of the pixel formation portion in the
second embodiment.

FIG. 16 is a diagram showing a layout near a pixel forma-
tion portion in a first modification.

FIG. 17 is a diagram showing an arrangement relationship
between the pixel formation portion and each line in the first
modification.

FIG. 18 is a signal waveform diagram for describing a
driving method in the first modification.

FIG. 19 is a diagram showing a layout near a pixel forma-
tion portion in a second modification.

FIG. 20 is a diagram showing shapes of an upper-layer
transparent electrode and a lower-layer transparent electrode
in the second modification.

FIG. 21 is a cross-sectional diagram taken along line A-A
in FIG. 19.

FIG. 22 is a diagram showing a layout near a pixel forma-
tion portion in a third modification.

FIG. 23 is a diagram showing a layout near a pixel forma-
tion portion in a fourth modification.

FIG. 24 is a diagram showing shapes of an upper-layer
transparent electrode and a lower-layer transparent electrode
in the fourth modification.

FIG. 25 is a diagram showing an arrangement relationship
between the pixel formation portion and each line in the
fourth modification.

FIG. 26 is a signal waveform diagram for describing a
driving method in the fourth modification.

FIG. 27 is a diagram showing a layout near a pixel forma-
tion portion in a fitth modification.

FIG. 28 is a diagram showing a layout near a pixel forma-
tion portion in a sixth modification.

FIG. 29 is a diagram showing a layout near a pixel forma-
tion portion in a seventh modification.

FIG. 30 is a cross-sectional diagram taken along line A-A
in FIG. 29.

FIG. 31 is an equivalent circuit diagram including a para-
sitic capacitance between a source bus line and a transparent
electrode and a capacitance formed between a shield elec-
trode and the transparent electrode in the seventh modifica-
tion.

FIG. 32 is a diagram showing a layout near a pixel forma-
tion portion in an eighth modification.
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FIG. 33 is a cross-sectional diagram taken along line A-A
in FIG. 32.

FIG. 34 is a diagram showing a layout near a pixel forma-
tion portion in a ninth modification.

FIG. 35 is a diagram showing another example of a layout
near the pixel formation portion in the ninth modification.

FIG. 36 is a signal waveform diagram for describing a
driving method in a tenth modification.

FIG. 37 is a signal waveform diagram for describing a
driving method in an eleventh modification.

FIG. 38 is a diagram showing an arrangement relationship
between the pixel formation portion and each line in the
eleventh modification.

FIG. 39 is an equivalent circuit diagram showing a con-
figuration of a pixel formation portion in a twelfth modifica-
tion.

FIG. 40 is a signal waveform diagram for describing an
operation of the pixel formation portion in a selection period
in the twelfth modification.

FIG. 41 is a circuit diagram showing a configuration of a
pixel formation portion in a conventional general active
matrix-type liquid crystal display device.

FIG. 42 is a circuit diagram showing a configuration
example of the pixel formation portion in the conventional
liquid crystal display device having a multi-pixel structure.

FIG. 43 is an equivalent circuit diagram showing an
example of a configuration of the pixel formation portionin a
conventional example.

MODES FOR CARRYING OUT THE INVENTION
0. Introduction

Before describing the embodiments, a basic operation
principle of a display device of the present invention will be
described. It should be noted that, in the following descrip-
tion, the term “amplification” is used to indicate that a differ-
ence between a pixel electrode potential and a common elec-
trode potential becomes large.

FIG. 1 is an equivalent circuit diagram showing a configu-
ration of a typical pixel formation portion (a portion forming
one pixel) in the display device of the present invention. As
shown in FIG. 1, the pixel formation portion includes three
thin film transistors T1, T2, and T3, and three capacitors Clcl,
Clc2, and Ctr. As wirings passing through the pixel formation
portion, a wiring denoted by a reference character RST (here-
inafter, “reset wiring”) and a wiring denoted by a reference
character CTL (hereinafter, “control wiring”) are provided in
addition to a gate bus line GLL and a source bus line SL.
Hereinafter, the capacitor Clcl is referred to as a “first first-
capacitor”, the capacitor Clc2 is referred to as a “second
first-capacitor”, and the capacitor Ctr is referred to as a “sec-
ond-capacitor”. Regarding the first first-capacitor Clcl, the
second first-capacitor Clc2, and the second-capacitor Ctr,
capacitance values thereof are also denoted by the same ref-
erence characters “Clc1”, “Clc2”, and “Ctr”, respectively. It
should be noted that, in FIG. 1, although the control wiring
CTL is shown so as to extend in parallel with the gate bus line
GL, the present invention is not limited thereto.

The pixel formation portion shown in FIG. 1 forms a pixel
of the multi-pixel structure. That is, one pixel is divided into
a plurality of sub pixels (two sub pixels in this case). Herein-
after, description is made by assuming that the first first-
capacitor Clel is a capacitor provided in a pixel in which
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relatively dark display (hereinafter, “dark display™) is per-
formed, and that the second first-capacitor Clc2 is a capacitor
provided in a pixel in which relatively bright display (here-
inafter, “bright display”) is performed. However, the first
first-capacitor Clcl may be the capacitor provided in the
bright display pixel, and the second first-capacitor Clc2 may
be the capacitor provided in the dark display pixel.

The connection relationship among the constituent ele-
ments in the pixel formation portion is as follows. As for the
thin film transistor T1, the gate electrode is connected to the
gate bus line GL, the source electrode is connected to the
source bus line SL, and the drain electrode is connected to one
end of the first first-capacitor Cle1 and one end of the second-
capacitor Ctr. As for the thin film transistor T2, the gate
electrode is connected to the reset wiring RST, the source
electrode is connected to the source bus line SL, and the drain
electrode is connected to the other end of the second-capaci-
tor Ctr and one end of the second first-capacitor Clc2. As for
the thin film transistor T3, the gate electrode is connected to
the reset wiring RST, the source electrode is connected to the
control wiring CTL, and the drain electrode is connected to
one end of the second-capacitor Ctr. One end of the first
first-capacitor Clcl is connected to the drain electrode of the
thin film transistor T1 and one end of the second-capacitor
Ctr, and the other end of the first first-capacitor Clcl is con-
nected to the common electrode COM. One end of the second
first-capacitor Clc2 is connected to the drain electrode of the
thin film transistor T2 and the other end of the second-capaci-
tor Ctr, and the other end of the second first-capacitor Clc2 is
connected to the common electrode COM. One end of the
second-capacitor Ctr is connected to the drain electrode of the
thin film transistor T1, the drain electrode of the thin film
transistor T3, and one end of the first first-capacitor Clc1, and
the other end of the second-capacitor Ctr is connected to the
drain electrode of the thin film transistor T2 and one end of the
second first-capacitor Clc2. It should be noted that, when a
liquid crystal display device is employed as a display device,
the first first-capacitor Clcl and the second first-capacitor
Clc2 correspond to the liquid crystal capacitor.

In the above configuration, a dark display pixel electrode
1011 is present at one end of the first first-capacitor Clcl. That
is, the first first-capacitor Clcl is formed by the dark display
pixel electrode 1011 and the common electrode COM. Fur-
ther, a bright display pixel electrode 1012 is present at one end
of the second first-capacitor Clc2. That is, the second first-
capacitor Clc2 is formed by the bright display pixel electrode
1012 and the common electrode COM. Moreover, at one end
of'the second-capacitor Ctr, an electrode (hereinafter, “ampli-
fication electrode™) 102 is present. The electrode 102 is for
forming a capacitor (a capacitor for amplifying the potential
of the bright display pixel electrode 1012) between the elec-
trode 1012 and the bright display pixel electrode 1012 or
between the electrode 1012 and the electrode electrically
connected to the bright display pixel electrode 1012. Because
the amplification electrode 102 is electrically connected to
the dark display pixel electrode 1011, the potential of the
amplification electrode 102 becomes equal to the potential of
the dark display pixel electrode 1011. Hereinafter, the poten-
tial of the dark display pixel electrode 1011 (the potential of
the amplification electrode 102) is denoted by a reference
character Vpix1, and the potential of the bright display pixel
electrode 1012 is denoted by a reference character Vpix2.

It should be noted that, in the configuration shown in FIG.
1, a first switching element is realized by the thin film tran-
sistor T1, a second switching element is realized by the thin
film transistor T2, a third switching element is realized by the
thin film transistor T3, a first control wiring is realized by the
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control wiring CTL, a second control wiring is realized by the
reset wiring RST, a first pixel electrode is realized by the dark
display pixel electrode 1011, and a second pixel electrode is
realized by the bright display pixel electrode 1012. The gate
electrode corresponds to a control terminal, the source elec-
trode corresponds to a first conductive terminal, and the drain
electrode corresponds to a second conductive terminal. An
amplification circuit unit 13 for amplifying the pixel elec-
trode potential Vpix2 is realized by the thin film transistor T2,
the thin film transistor T3, and the second-capacitor Ctr.

FIG. 2 is a signal waveform diagram for describing the
operation of the pixel formation portion in a selection period
(the period for performing writing to the first first-capacitor
Clel and the second first-capacitor Clc2 according to the
image to be displayed in each pixel formation portion). The
length of the selection period typically corresponds to the
length of one horizontal scanning period in a conventional
display device. It should be noted that a reference character
Vdata indicates a video signal potential (the potential of the
source bus line SL), and a reference character Vctl indicates
the potential of the control wiring CTL. In the present inven-
tion, as shown in FIG. 2, the selection period (the horizontal
scanning period) consists of a first half period (hereinafter,
“precharge period”) Ta and a latter half period (hereinafter,
“amplification period”) Tb. Therefore, one frame period con-
sists of the selection period including the precharge period Ta
and the amplification period Tb, and a non-selection period
other than the selection period. The length of the precharge
period Ta and the length of the amplification period Tb are not
necessarily equal. It should be noted that, because a similar
operation is performed in the frame during which writing in
the positive polarity is performed and in the frame during
which writing in the negative polarity is performed, descrip-
tion is made below by focusing on the frame during which
writing in the positive polarity is performed.

First, in the precharge period Ta, in the state where the
potential of the off level (a low level in the example shown in
FIG. 2) is applied to the gate bus line GL, the potential of the
on level (a high level in the example shown in FIG. 2) is
applied to the reset wiring RST. Accordingly, the thin film
transistor T1 is placed in the off state, and the thin film
transistors T2, T3 are placed in the on state. As a result, the
video signal potential Vdata is applied to the bright display
pixel electrode 1012, and the control wiring potential Vct1 is
applied to the dark display pixel electrode 1011 (the amplifi-
cation electrode 102). It should be noted that the video signal
potential Vdata is the potential which is determined according
to the display image.

Next, in the amplification period Tb, the on-level potential
is applied to the gate bus line GL in the state where the
off-level potential is applied to the reset wiring RST. Accord-
ingly, the thin film transistor T1 is placed in the on state, and
the thin film transistors T2, T3 are placed in the off state. As
a result, the video signal potential Vdata is applied to the dark
display pixel electrode 1011. That is, the pixel electrode
potential Vpix1 rises from Vctl to Vdata. At this time,
because the bright display pixel electrode 1012 is in the
floating state, the pixel electrode potential Vpix2 rises via the
second-capacitor Ctr with the rise in the pixel electrode
potential Vpix1. A size V1 of the rise in the pixel electrode
potential Vpix2 at this time is expressed by the following
equation (1). Here, Cp represents the capacitance value of the
parasitic capacitance.
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[Mathematical Formula 1]

Crr

L
Vil ——m——
Ctr+ Cle2 + Cp

-(Vdata— Veil)

As described above, at the endpoint of the amplification
period Tb, i.e., at the end point of the selection period, the
value of the pixel electrode potential Vpix1 becomes Vdata,
and the value of the pixel electrode potential Vpix2 becomes
“Vdata+V1”.

After the amplification period Tb ends, the potential of the
gate bus line GL changes from the on level to the off level.
Following this change in the potential, voltage variations
AVgl, AVg2 referred to as “feed-through voltage™, “pull-in
voltage”, and the like occur in the pixel electrode potentials
Vpix1, Vpix2. As a result, the value of the pixel electrode
potential Vpix1 becomes “Vdata—AVgl”, and the pixel elec-
trode potential Vpix2 becomes the value expressed by the
following equation (2). It should be noted that, when the
writing in the positive polarity is performed, the above volt-
age variation occurs so as to minimize the difference between
the pixel electrode potential and the common electrode poten-
tial, and when the writing in the negative polarity is per-
formed, the above voltage variation occurs so as to maximize
the difference between pixel electrode potential and the com-
mon electrode potential.

[Mathematical Formula 2]

Cir
Ctr+ Cle2 + Cp

@

Vpix2 = Vdata + -(Vdata — Vetl) — AVg2

In this manner, in the period from occurrence of the above
voltage variation after ending the selection period and until
writing is performed in the next frame, the pixel electrode
potential Vpix1 is maintained at “Vdata—AVgl”, and the
pixel electrode potential Vpix2 is maintained at the value
expressed by the equation (2) (however, the variation in the
potential caused by the leak current and like is ignored).

It should be noted that a pixel-electrode-potential change
step is realized by the operation in the selection period, and a
pixel-electrode-potential maintaining step is realized by the
operation in the non-selection period. Further, a first step is
realized by the operation in the precharge period Ta, and a
second step is realized by the operation in the amplification
period Tb.

In the conventional display device having the multi-pixel
structure, at the endpoint of the selection period, the dark
display pixel electrode potential is lower than the video signal
potential, and the bright display pixel electrode potential is
equal to the video signal potential. From this fact and the
equation (2), it is understood that, according to the display
device of the present invention, the bright display pixel elec-
trode potential Vpix2 at the end point of the selection period
is increased as compared with that of the conventional display
device by the size of (Ctr/(Ctr+Clc2+4Cp))-(Vdata—Vctl).
From the equation (2), it is understood that the pixel electrode
potential Vpix2 is amplified according to the size of (Vdata—
Vetl) in the amplification period Tb. Further, the equation (2)
can be modified as expressed by the following equation (3).
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[Mathematical Formula 3]
i Crr Crr 3
Vpix2 =1+ —————— |- Vdata— —————— - Verl - AVg2
Ctr+ Cle2 + Cp Ctr+ Cle2 + Cp

From the equation (3), it is understood that, in the display
device of the present invention, the value of the pixel elec-
trode potential Vpix2 is determined based on the potential
obtained by amplifying the video signal potential Vdata by
(14+(Ctr/(Ctr+Clc2+Cp)) times the conventional video signal
potential. Further, it is understood that, regarding the pixel
electrode potential Vpix2, not only the offset based on the
voltage variation AVg2 occurs, but the offset in the size
according to the value of the control wiring potential Vctl
occurs.

The control wiring CTL may be based on the direct-current
drive or the alternate-current drive. When the alternate-cur-
rent drive is employed, from the equation (3), it is understood
that the level of the amplification of the pixel electrode poten-
tial Vpix2 can be changed by setting, to various values, the
value of the control wiring potential Vctl when the writing in
the positive polarity is performed (when the video signal
potential Vdata is higher than the common electrode poten-
tial) and the value of the control wiring potential Vctl when
the writing in the negative polarity is performed (when the
video signal potential Vdata is lower than the common elec-
trode potential).

FIG. 3 is a diagram showing a relationship between the
transmission rate and the difference between the video signal
potential and the common electrode potential. It should be
noted that, since the characteristic showing the relationship
between the liquid crystal application voltage and the trans-
mission rate in the liquid crystal display device is referred to
as a “VT characteristic”, the characteristic shown in FIG. 3 is
referred to as a “pseudo VT characteristic” for the sake of
convenience. In FIG. 3, the solid line denoted by a reference
character 71 indicates the pseudo VT characteristic in the
dark display pixel. As described above, according to the
present invention, after the video signal potential Vdata is
applied to the bright display pixel electrode 1012 in the pre-
charge period Ta, the pixel electrode potential Vpix2 is ampli-
fied in the amplification period Tb. Therefore, the “difference
between the video signal potential and the common electrode
potential” required for obtaining any transmission rate
becomes smaller in the bright display pixel than in the dark
display pixel. Consequently, according to the display device
of the present invention, when the control wiring CTL is
direct-current driven, the pseudo VT characteristic as indi-
cated by the thick solid line denoted by a reference character
72, for example, is obtained in the bright display pixel. Fur-
ther, by alternate-current driving the control wiring CTL, the
pseudo VT characteristic for the bright display pixel can be
shifted. For example, ifthe control wiring potential Vctl is set
to a relatively low level when the writing in the positive
polarity is performed, and if the control wiring potential Vctl
is set to a relatively high level when the writing in the negative
polarity is performed, the pixel electrode potential Vpix2 is
amplified larger in the amplification period Tb. Accordingly,
in the bright display pixel, the pseudo VT characteristic as
indicated by the thick dotted line denoted by a reference
character 73 is obtained. If the control wiring potential Vct1 is
set to a relatively high level when the writing in the positive
polarity is performed, and if the control wiring potential Vctl
is set to a relatively low level when the writing in the negative
polarity is performed, the level of the amplification of the
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pixel electrode potential Vpix2 in the amplification period Tb
becomes small. Accordingly, in the dark display pixel, the
pseudo VT characteristic as indicated by the thick chain dot
line denoted by a reference character 74, for example, is
obtained (in this case, the solid line denoted by the reference
character 71 indicates the pseudo VT characteristic in the
bright display pixel).

Based on the above, the embodiments of the present inven-
tion will be described below.

1. First Embodiment
1.1 Overall Configuration and Operation Outline

FIG. 4 is a block diagram showing an overall configuration
of an active matrix-type liquid crystal display device accord-
ing to a first embodiment of the present invention. This liquid
crystal display device includes a display unit 100, a display
control circuit 200, a gate driver 300, a source driver 400, a
reset wiring driver 500, and a control wiring driver 600. The
display unit 100 includes a plurality of source bus lines SL, a
plurality of gate bus lines GL, and a plurality of pixel forma-
tion portions provided at intersections of the plurality of
source bus lines SL. and the plurality of gate bus lines GL.
Further, the display unit 100 includes reset wirings RST
which are provided in one-to-one correspondence with the
gate bus lines GL, and control wirings CTL which are pro-
vided in one-to-one correspondence with the gate bus lines
GL. The configuration of the pixel formation portion is as
described above (see FIG. 1).

The display control circuit 200 receives image data DAT
and timing signals TG, and outputs a control signal SG for
controlling the operation of the gate driver 300, a control
signal SS for controlling the operation of the source driver
400, a digital video signal DV based on the image data DAT,
a control signal SR for controlling the operation of the reset
wiring driver 500, and a control signal SC for controlling the
operation of the control wiring driver 600. Each control signal
is configured by one or a plurality of signals. For example, the
control signal SG is configured by a start pulse signal indi-
cating a start timing of a vertical scanning period, and a clock
signal for controlling the timing of the shift operation of a
shift register in the gate driver 300.

The gate driver 300 drives the gate bus line GL based onthe
control signal SG. The source driver 400 drives the source bus
line SL. based on the control signal SS. The reset wiring driver
500 drives the reset wiring RST based on the control signal
SR. The control wiring driver 600 drives the control wiring
CTL based on the control signal SC. By driving the gate bus
line GL, the source bus line SL, the reset wiring RST, and the
control wiring CTL as described above, the image based on
the image data DAT is displayed in the display unit 100.

1.2 Arrangement Relationship Between Pixel
Formation Portion and Each Line

FIG. 5 is a diagram showing an arrangement relationship
between the pixel formation portion and each line (the source
bus line ST, the gate bus line GL, the reset wiring RST, and the
control wiring CTL). In FIG. 5, supply directions of video
signals from the source bus line SL to the pixel formation
portion are shown by arrows. It should be noted that R, G, and
B indicate a pixel formation portion for a red color, a pixel
formation portion for a green color, and a pixel formation
portion for a blue color, respectively. As can be seen from
FIG. 5, in the present embodiment, video signals are supplied
from the source bus lines SL. arranged at the same side (the left
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side in this example) in all the pixel formation portions. It
should be noted that, as described above, each pixel formation
portion has a multi-pixel structure in which one pixel is
divided into a plurality of sub pixels (in this case, two sub
pixels including a dark display pixel and a bright display
pixel).

1.3 Layout

Next, the layout near one pixel formation portion is
described with reference to FIG. 6. Similarly to the conven-
tional liquid crystal display device, gate metals that form the
gate bus lines GL and source metals that form the source bus
line SL are arranged so as to intersect each other. The reset
wirings RST and the control wirings CTL are formed by gate
metals, and are arranged so as to extend in parallel with the
gate bus lines GL. Out of the region between two adjacent
source bus lines SL, in the portion other than the region in
which the reset wiring RST, the gate bus line GL, and the
control wiring CTL are arranged, there are formed a trans-
parent electrode 111 that functions as the dark display pixel
electrode 1011 and a transparent electrode 112 that functions
as the bright display pixel electrode 1012, as shown in FIG. 6.
The transparent electrode 111 and the transparent electrode
112 are formed in the same layer. An electrode 12 that func-
tions as the amplification electrode 102 described above is
formed by a gate metal between the adjacent two source bus
lines SL as shown in FIG. 6.

The drain electrode of the thin film transistor T1 and the
transparent electrode 111 are electrically connected by the
source metal denoted by a reference character SE1 and a
contact CT0. The drain electrode of the thin film transistor T1
and the electrode 12 are electrically connected by the source
metal denoted by the reference character SE1 and a contact
CT1. The drain electrode of a thin film transistor T2 and the
transparent electrode 112 are electrically connected by the
source metal denoted by a reference character SE2 and a
contact CT2. The source electrode of a thin film transistor T3
and the control wiring CTL are electrically connected by the
source metal denoted by a reference character SE3 and a
contact CT3. The drain electrode of the thin film transistor T3
and the electrode 12 are electrically connected by the source
metal denoted by the reference character SE1 and the contact
CT1. In the configuration as described above, the second-
capacitor Ctr is formed by the source metal denoted by the
reference character SE2 and the electrode 12.

It should be noted that, when the positions of the transpar-
ent electrode 111, the transparent electrode 112, the electrode
12, the source metals denoted by the reference characters SE1
to SE3, and the contacts CT0 to CT3 in FIG. 6 are shown on
the equivalent circuit diagram in FIG. 1, the positions are as
shown in FIG. 7.

1.4 Driving Method

Next, the driving method in the present embodiment will be
described. In the present embodiment, as shown in FIG. 8, a
constant potential is applied to the control wirings CTL dur-
ing the period of operation of the liquid crystal display device
(seealso FIG. 5). That is, the direct-current drive is performed
for the control wirings CTL. To the source bus lines SL, the
video signal in the positive polarity and the video signal in the
negative polarity are alternately applied in each one horizon-
tal scanning period. Further, at any time point, the video
signal of the same polarity is applied to all the source bus lines
SL. In this manner, in the present embodiment, regarding the
polarity reversal of pixels, a method referred to as a “1H
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line-reversal drive” is employed. In the case of performing
direct-current drive to the control wirings CTL as in the
present embodiment, regarding the polarity reversal of pixels,
any of the “1H line-reversal drive”, the “dot-reversal drive”,
and the “column-reversal drive” may be used.

FIG. 9 is a signal waveform diagram for describing the
operation of the pixel formation portion in the selection
period in the present embodiment. In this case, attention is
given to the pixel formation portion in which the writing in the
positive polarity is performed in the odd frame. As described
above, the selection period consists of the precharge period Ta
and the amplification period Tb. It should be noted that, as
shown in FIG. 9, in the present embodiment, the control
wiring potential Vctl is set to a value lower than the common
electrode potential Vcom.

In the precharge period Ta, the on-level potential is applied
to the reset wiring RST in the state where the off-level poten-
tial is applied to the gate bus line GL. Accordingly, the thin
film transistor T1 is placed in the off state, and the thin film
transistors T2, T3 are placed in the on state. As a result, the
video signal potential Vdata is applied to the transparent
electrode 112 that functions as the bright display pixel elec-
trode 1012, and the control wiring potential Vetl is applied to
the transparent electrode 111 that functions as the dark dis-
play pixel electrode 1011. In the amplification period Tb, the
on-level potential is applied to the gate bus line GL in the state
where the off-level potential is applied to the reset wiring
RST. Accordingly, the thin film transistor T1 is placed in the
on state, and the thin film transistors T2, T3 are placed in the
off state. As a result, the pixel electrode potential Vpix1 rises
from Vetl to Vdata. Following this, the pixel electrode poten-
tial Vpix2 rises by the size V1 expressed by the equation (1).
After the amplification period Tb ends, as described above,
the pixel electrode potential Vpix1 falls by AVgl, and the
pixel electrode potential Vpix2 falls by AVg2. As a result, the
value of'the pixel electrode potential Vpix1 becomes “Vdata—
AVgl”, and the pixel electrode potential Vpix2 becomes the
value expressed by the equation (2). Voltages of different
sizes are applied to the liquid crystal in the dark display pixel
and in the bright display pixel in this manner, and the view
angle characteristic is improved. It should be noted that, while
the operation in the odd frame is described above, a similar
operation is also performed in the even frame.

By the way, regarding the voltage variation referred to as
the “feed-through voltage” or the “pull-in voltage”, in the
present embodiment, a size of AVgl is different from that of
AVg2 because of the configuration of the pixel circuit. There-
fore, when the control wiring potential Vctl is not set to a
suitable value, even when opposite adjustment (setting of the
common electrode potential Vcom taking the above voltage
variation into account) is performed based on the dark display
pixel, the liquid crystal application voltage when performing
the writing in the positive polarity and the liquid crystal
application voltage when performing the writing in the nega-
tive polarity become different in the bright display pixel. For
example, when the pixel electrode potentials Vpixl, Vpix2
change as shown in FIG. 10, in the case where the value of the
common electrode potential Vcom is set to 0V, in the bright
display pixel, the liquid crystal application voltage when
performing the writing in the negative polarity becomes
larger than the liquid crystal application voltage when per-
forming the writing in the positive polarity. As a result of
occurrence of a deviation in the liquid crystal application
voltage between the positive and negative polarities, reliabil-
ity of the liquid crystal is reduced (for example, the burn-in of
the screen occurs). Accordingly, preferably, the value of the
common electrode potential Vcom and the value of the con-
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trol wiring potential Vctl are set as follows. It should be noted
that the video signal potential at the time of writing in the
positive polarity is denoted by Vd1, and the video signal
potential at the time of writing in the negative polarity is
denoted by Vd2.

First, attention is given to the dark display pixel.
“Vpix1=Vd1=AVgl” is established in the case of the writing
in the positive polarity, and “Vpix1=Vd2-AVgl” is estab-
lished in the case of the writing in the negative polarity. To
avoid occurrence of a deviation in the liquid crystal applica-
tion voltage between the positive and negative polarities, the
center values of the liquid crystal application voltages should
be set to the value of the common electrode potential Vcom.
Therefore, when the center value of the video signal potential
Vdata is 0V, preferably, the value of the common electrode
potential Vcom is set to ~AVgl. More specifically, when the
center potential between the maximum potential and the
minimum potential that can be applied to the source bus line
SL is the reference potential, preferably, the value of the
common electrode potential Vcom is set to a value of a poten-
tial lower than the reference potential by AVgl.

Next, attention is given to the bright display pixel. To avoid
occurrence of a deviation in the liquid crystal application
voltage between the positive and negative polarities, the cen-
ter value between the pixel electrode potential Vpix2 at the
time of writing in the positive polarity and the pixel electrode
potential Vpix2 at the time of writing in the negative polarity
needs to be equal to the common electrode potential Vcom
that is set as described above. When the pixel electrode poten-
tial Vpix2 at the time of writing in the positive polarity is Va
and when the pixel electrode potential Vpix2 at the time of
writing in the negative polarity is Vb, the following equation
(4) should be established.

(Va+Vb)2=Vcom 4

When it is assumed that Ctr is extremely larger than Clc2
and Cp, from the equation (3), “Va=2Vd1-Vctl-AVg2” is
established, and “Vb=2Vd2-Vct1-AVg2” is established.
When these are substituted in the equation (4), the following
equation (5) is established.

Vetl =Vd1+Vd2-Vecom—-AVg2 (5)

When “Vd2=-Vd1”is established, because the value of the

common electrode potential Vcom is set to —~AVgl, the fol-
lowing equation (6) is established.

Verl =AVgl-AVg2 (6

As described above, preferably, the value of the control
wiring potential Vctl is set based on the voltage variations
AVgl, AVg2 such that the center value between the pixel
electrode potential Vpix2 at the time of writing in the positive
polarity and the pixel electrode potential Vpix2 at the time of
writing in the negative polarity matches the common elec-
trode potential Vcom.

For example, when it is assumed that Ctr is extremely
larger than Clc2 and Cp, and when the center value of the
video signal potential Vdata is 0V, the voltage variation AVgl
is 0.1V, and the voltage variation AVg2 is 0.3 V, the common
electrode potential Vcom may be set to —0.1V and the control
wiring potential Vctl may be set to —=0.2 V. In this case, when
it is assumed that the video signal potential Vdata varies
between -3.0V and 3.0V in a certain pixel formation portion,
the operation in this pixel formation portion is as follows (see
FIG. 11).

First, in the odd frame, in the precharge period Ta, the pixel
electrode potential Vpix1 becomes —0.2 V, and the pixel elec-
trode potential Vpix2 becomes 3.0 V. In the amplification

35

40

45

55

22

period Th, the pixel electrode potential Vpix1 rises from -0.2
V t0 3.0 V. Following this, the pixel electrode potential Vpix2
rises from 3.0 V to 6.2 V. After the amplification period Tb
ends, the pixel electrode potential Vpix1 falls from 3.0 V to
2.9V due to the voltage variation AVgl, and the pixel elec-
trode potential Vpix2 falls from 6.2 V to 5.9 V due to the
voltage variation AVg2. Next, in the even frame, in the pre-
charge period Ta, the pixel electrode potential Vpix1 becomes
-0.2'V, and the pixel electrode potential Vpix2 becomes -3.0
V. In the amplification period Tb, the pixel electrode potential
Vpix1 falls from -0.2 V to -3.0 V. Following this, the pixel
electrode potential Vpix2 falls from -3.0 V to -5.8 V. After
the amplification period Tbh ends, the pixel electrode potential
Vpixl1 falls from -3.0 V to 3.1 V due to the voltage variation
AVgl, and the pixel electrode potential Vpix2 falls from -5.8
V to -6.1V due to the voltage variation AVg2. As described
above, the potential from -3.1V 10 2.9V is applied to the dark
display pixel electrode 1011, and the potential from —6.1 V to
5.9V is applied to the bright display pixel electrode 1012.
Accordingly, a deviation in the liquid crystal application volt-
age between the positive and negative polarities does not
occur in both the dark display pixel and the bright display
pixel.

1.5 Effects

According to the present embodiment, the bright display
pixel electrode potential Vpix2 is set equal to the video signal
potential Vdata in the precharge period Ta, and thereafter, is
amplified according to the difference between the video sig-
nal potential Vdata and the control wiring potential Vctl in
the amplification period Tb. Accordingly, at the end point of
the selection period, the dark display pixel electrode potential
Vpix1 becomes equal to the video signal potential Vdata, and
the bright display pixel electrode potential Vpix2 becomes
higher than the video signal potential Vdata. On the other
hand, in the liquid crystal display device disclosed in JP
2006-133577 A, at the end point of the selection period, the
dark display pixel electrode potential is lower than the video
signal potential, and the bright display pixel electrode poten-
tial is equal to the video signal potential. From the above, in
the liquid crystal display device having the multi-pixel struc-
ture, the image display similar to the conventional image
display can be performed, even when the amplitude of the
video signal is set smaller than the conventional amplitude.
Because the amplitude of the video signal can be set smaller
than the conventional amplitude, power consumption can be
reduced as compared to the conventional power consumption.

Further, according to the present embodiment, by setting
the common electrode potential Vcom and the control wiring
potential Vetl to suitable values, occurrence of a deviation in
the liquid crystal application voltage between the positive and
negative polarities can be suppressed in both the dark display
pixel and the bright display pixel, and the decrease in the
reliability of the liquid crystal (such as the occurrence of
burn-in of the screen) can be suppressed.

Further, according to the present embodiment, the control
wirings CTL are arranged so as to extend in parallel with the
gate bus lines GL. Since the number of the gate bus lines GL.
is smaller than the number of the source bus lines SL in the
normal liquid crystal display device, the required number of
the control wirings CTL becomes small as compared with the
configuration in which the control wirings CTL are arranged
so as to extend in parallel with the source bus lines SL.
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Therefore, reduction in the aperture ratio due to the provision
of the control wirings CTL can be suppressed.

2. Second Embodiment
2.1 Configuration

A configuration of the pixel formation portion, an overall
configuration, an arrangement relationship between the pixel
formation portion and each line, and a layout near the pixel
formation portion are similar to those in the first embodiment,
and therefore, descriptions thereof are omitted (see FIG. 1,
FIG. 4, FIG. 5, and FIG. 6). It should be noted that, in the
present embodiment, which of the pixel electrode 1011 and
the pixel electrode 1012 becomes the bright display pixel
electrode is determined according to the value of the control
wiring potential Vetl.

2.2 Driving Method

In the present embodiment, as shown in FIG. 12, to the
control wirings CTL, a constant high level potential and a
constant low level potential are alternately applied in each one
frame (one vertical scanning period). That is, as for the con-
trol wirings CTL, alternate-current drive is performed. To the
source bus lines SL, the video signal in the positive polarity
and the video signal in the negative polarity are alternately
applied in each one horizontal scanning period. Further, at
any time point, the video signal of the same polarity is applied
to all the source bus lines SL. In this manner, also in the
present embodiment, a method referred to as the “1H line-
reversal drive” is employed regarding the polarity reversal of
pixels.

FIG. 13 is a signal waveform diagram for describing the
operation of the pixel formation portion in the selection
period in the present embodiment. As shown in FIG. 13, in the
present embodiment, the control wiring potential Vctl is set
negative when the writing in the positive polarity is per-
formed (when the potential higher than the common electrode
potential Vcom is to be applied to the pixel electrodes 1011,
1012), and the control wiring potential Vctl is set positive
when the writing in the negative polarity is performed (when
the potential lower than the common electrode potential
Vcom is to be applied to the pixel electrodes 1011, 1012). By
alternate-current driving the control wirings CTL in this man-
ner, the amplitude of'the pixel electrode potential Vpix2 is set
to a size different from that in the first embodiment (in the
state where the amplitude of the pixel electrode potential
Vpixl1 is equal to that in the first embodiment).

For example, when it is assumed that Ctr is extremely
larger than Clc2 and Cp, and when the video signal potential
Vdata varies between -3.0 V and 3.0 V, the control wiring
potential Vctl at the time of performing the writing in the
positive polarity is set to —=2.0 V, the control wiring potential
Vetl at the time of performing the writing in the negative
polarity is set to 1.6 V, the voltage variation AVgl becomes
0.1 V, and the voltage variation AVg2 becomes 0.3 V, the
operation of the pixel formation portion in the selection
period is as follows (see FIG. 14).

First, in the odd frame, in the precharge period Ta, the pixel
electrode potential Vpix1 becomes —-2.0V, and the pixel elec-
trode potential Vpix2 becomes 3.0 V. In the amplification
period Th, the pixel electrode potential Vpix1 rises from -2.0
Vt03.0V. Following this, the pixel electrode potential Vpix2
rises from 3.0 V to 8.0 V. After the amplification period Th
ends, the pixel electrode potential Vpix1 falls from 3.0 V to
2.9V due to the voltage variation AVgl, and the pixel elec-
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trode potential Vpix2 falls from 8.0 V to 7.7 V due to the
voltage variation AVg2. Next, in the even frame, in the pre-
charge period Ta, the pixel electrode potential Vpix1 becomes
1.6V, and the pixel electrode potential Vpix2 becomes -3.0'V.
In the amplification period Tb, the pixel electrode potential
Vpix1 falls from 1.6 V to -3.0 V. Following this, the pixel
electrode potential Vpix2 falls from -3.0 V to -7.6 V. After
the amplification period Tbh ends, the pixel electrode potential
Vpixl1 falls from -3.0 V to 3.1 V due to the voltage variation
AVgl, and the pixel electrode potential Vpix falls from -7.6
V to =7.9 V due to the voltage variation AVg. As described
above, the potential from -3.1 V10 2.9 Vis applied to the pixel
electrode 1011, and the potential from -7.9 V to 7.7 V is
applied to the pixel electrode 1012.

As described above, in comparison with the example (see
FIG. 11) shown in the first embodiment, the amplitude of the
pixel electrode potential Vpix2 becomes large. Accordingly,
the above-described pseudo VT characteristic for the pixel
including the pixel electrode 1012 is shifted to the minus
direction (the left direction in FIG. 3). As a result, for
example, there is obtained the state where “the pseudo VT
characteristic as indicated by the solid line of the reference
character 71 is obtained for one sub pixel, and the pseudo VT
characteristic as indicated by the thick dotted line of the
reference character 73 is obtained for the other sub pixel” (see
FIG. 3). In this case, it is understood that when the difference
between the video signal potential and the common electrode
potential is larger, generally, the difference of the transmis-
sion rates between the two sub pixels becomes large.

Moreover, for example, when it is assumed that Ctr is
extremely larger than Clc2 and Cp, and when the video signal
potential Vdata varies between —3.0 V and 3.0 V, the control
wiring potential Vetl at the time of performing the writing in
the positive polarity is set to 5.0V, the control wiring potential
Vetl at the time of performing the writing in the negative
polarity is set to —=5.4 V, the voltage variation AVgl becomes
0.1 V, and the voltage variation AVg2 becomes 0.3 V, the
operation of the pixel formation portion in the selection
period is as follows (see FIG. 15).

First, in the odd frame, in the precharge period Ta, the pixel
electrode potential Vpix1 becomes 5.0 V, and the pixel elec-
trode potential Vpix2 becomes 3.0 V. In the amplification
period Thb, the pixel electrode potential Vpix1 falls from 5.0V
to 3.0 V. Following this, the pixel electrode potential Vpix2
falls from 3.0 V to 1.0 V. After the amplification period Th
ends, the pixel electrode potential Vpix1 falls from 3.0 V to
2.9V due to the voltage variation AVgl, and the pixel elec-
trode potential Vpix2 falls from 1.0 V to 0.7 V due to the
voltage variation AVg2. Next, in the even frame, in the pre-
charge period Ta, the pixel electrode potential Vpix1 becomes
-5.4V, and the pixel electrode potential Vpix2 becomes -3.0
V. In the amplification period Tb, the pixel electrode potential
Vpixl1 rises from -5.4 V to =3.0 V. Following this, the pixel
electrode potential Vpix2 rises from -3.0 V to -0.6 V. After
the amplification period Tbh ends, the pixel electrode potential
Vpixl1 falls from -3.0 V to 3.1 V due to the voltage variation
AVgl, and the pixel electrode potential Vpix falls from -0.6
V1o 0.9 V due to the voltage variation AVg. In this manner,
the potential from -3.1 V to 2.9 V is applied to the pixel
electrode 1011, and the potential from —-0.9 V to 0.7 V is
applied to the pixel electrode 1012.

As described above, in comparison with the example (see
FIG. 11) shown in the first embodiment, the amplitude of the
pixel electrode potential Vpix2 becomes small. Accordingly,
the above-described pseudo VT characteristic for the pixel
including the pixel electrode 1012 is shifted to the plus direc-
tion (the right direction in FIG. 3). As a result, for example,
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there is obtained the state where “the pseudo VT characteris-
tic as indicated by the solid line of the reference character 71
is obtained for one sub pixel, and the pseudo VT characteristic
as indicated by the thick dotted chain line of the reference
character 74 is obtained for the other sub pixel” (see FIG. 3).
In this case, it is understood that when the difference between
the video signal potential and the common electrode potential
is smaller, generally, the difference of the transmission rates
between the two sub pixels becomes large.

2.3 Effects

According to the present embodiment, the level of the
amplification of the pixel electrode potential Vpix2 can be
changed by setting the value of the control wiring potential
Vetl at various values. Accordingly, the above-described
pseudo VT characteristic for one sub pixel can be shifted in a
wide range, and the degree of freedom of view angle com-
pensation improves. Further, since the control wirings CTL
are arranged so as to extend in parallel with the gate bus lines
GL, similarly to the first embodiment, reduction in the aper-
ture ratio due to the provision of the control wirings CTL can
be suppressed.

3. Modifications

Hereinafter, modifications of the above embodiments will
be described from four viewpoints, i.e., the layout near the
pixel formation portion, the method of polarity reversal of
pixels, the configuration of the pixel formation portion, and
adjustment of the amplification amount for each color.

Hereinafter, the points different from the first embodiment
and the second embodiment will be mainly described.

3.1 About Layout Near Pixel Formation Portion

3.1.1 First Modification

FIG. 16 is a diagram showing a layout near the pixel for-
mation portion in a first modification. Although the control
wirings CTL are arranged so as to extend in parallel with the
gate bus lines GL in the above embodiments (see FIG. 6), the
control wirings CTL are arranged so as to extend in parallel
with the source bus lines SL in the present modification.
Therefore, in the present modification, the control wirings
CTL intersect the gate bus lines GL.. Accordingly, the control
wirings CTL are formed by the source metal instead of the
gate metal. It should be noted that, in the present modifica-
tion, an arrangement relationship between the pixel formation
portion and each line is as shown in FIG. 17, for example.

FIG. 18 is a signal waveform diagram for describing a
driving method in the present modification (see also FIG. 17).
To the control wiring, a constant high level potential and a
constant low level potential are alternately applied in each one
horizontal scanning period. That is, as for the control wiring,
alternate-current drive is performed. Further, in the adjacent
two control wirings (for example, CTL(m) and CTL(m+1)),
potentials of mutually different levels are applied. To the
source bus lines, similarly to the above embodiments, the
video signal in the positive polarity and the video signal in the
negative polarity are alternately applied in each one horizon-
tal scanning period (see FIG. 8). However, in the present
modification, video signals of mutually different polarities
are applied to adjacent two source bus lines (for example, SL.
(m) and SL. (m+1). As described above, in the present modi-
fication, a method called “dot-reversal drive” is employed
regarding the polarity reversal of pixels. It should be noted
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that, in FIG. 18, focusing on the relationship between the
video signal potential and the control wiring potential, when
a video signal in the positive polarity is applied to a certain
source bus line, a low level potential is applied to the control
wiring corresponding to the source bus line, and when a video
signal in the negative polarity is applied to a certain source
bus line, a high level potential is applied to the control wiring
corresponding to the source bus line. However, this relation-
ship may be opposite.

In each of the above embodiments, the thin film transistors
T3 having the number equal to the number of the source bus
lines SL are connected to each control wiring CTL. To all the
thin film transistors T3 connected to one control wiring CTL,
the precharge potential is applied from the control wiring
CTL at the same timing. On the other hand, in the present
modification, the precharge potential is not applied at the
same timing from one control wiring CTL to a plurality of
thin film transistors T3. Therefore, according to the present
modification, the load applied to one control wiring CTL
when performing the precharge can be minimized.

3.1.2 Second Modification

FIG. 19 is a diagram showing a layout near the pixel for-
mation portion in the second modification. While the trans-
parent electrode has one layer in each of the above embodi-
ments (see FIG. 6), the transparent electrode has two layers in
the present modification. Specifically, out of the region
between two adjacent source bus lines SL, in the portion other
than the region in which the reset wiring RST, the gate bus line
GL, and the control wiring CTL are arranged, there are pro-
vided an upper-layer transparent electrode (a first transparent
electrode) 11a that functions as the dark display pixel elec-
trode 1011 and a lower-layer transparent electrode (a second
transparent electrode) 115 that functions as the bright display
pixel electrode 1012, and the second-capacitor Ctr is formed
by the upper-layer transparent electrode 11a and the lower-
layer transparent electrode 115. The shapes of the upper-layer
transparent electrode 11a and the lower-layer transparent
electrode 115 are as shown in FIG. 20.

The drain electrode of the thin film transistor T1 and the
upper-layer transparent electrode 11a are electrically con-
nected by the source metal denoted by a reference character
SE4 and a contact CT4. The drain electrode of the thin film
transistor T2 and the lower-layer transparent electrode 115
are electrically connected by the source metal denoted by a
reference character SE5 and a contact CT5. The source elec-
trode of'the thin film transistor T3 and the control wiring CTL
are electrically connected by the source metal denoted by a
reference character SE6 and a contact CT6. The drain elec-
trode of the thin film transistor T3 and the upper-layer trans-
parent electrode 11a are electrically connected by the source
metal denoted by the reference character SE4 and the contact
CT4.

FIG. 21 is a cross-sectional diagram taken along line A-A
in FIG. 19. As shown in FIG. 21, the upper-layer transparent
electrode 11q is arranged at the side closer to the common
electrode COM than the lower-layer transparent electrode
115. Moreover, as shown in FIG. 20 and FIG. 21, an opening
is provided at the center of the upper-layer transparent elec-
trode 11a. With such a configuration, the first first-capacitor
Clel is formed by the upper-layer transparent electrode 11a
and the common electrode COM, and the second first-capaci-
tor Clc2 is formed by the lower-layer transparent electrode
115 and the common electrode COM.

According to the present modification, the second-capaci-
tor is formed by the transparent two-layer electrode. There-
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fore, the aperture ratio can be set larger than the aperture ratio
in each of the above embodiments (see FIG. 6). Also, the
second-capacitor can be set without affecting the aperture
ratio (since the electrode is transparent). Further, since the
control wirings CTL are arranged so as to extend in parallel
with the gate bus lines GL, reduction in the aperture ratio due
to the provision of the control wirings CTL can be suppressed
similarly to each of the above embodiments.

Herein, description has been made of the example in which
the upper-layer transparent electrode 11a functions as the
dark display pixel electrode 1011 and the lower-layer trans-
parent electrode 1156 functions as the bright display pixel
electrode 1012. However, this relationship may be opposite.
Further, regarding the upper-layer transparent electrode 11a,
although the opening is provided at the center in FIG. 20 and
FIG. 21, the electrode having the shape shown as the opening
in FIG. 20 may be used for the upper-layer transparent elec-
trode 11a. However, considering the orientation characteris-
tic of the liquid crystal, the bright display sub pixel is prefer-
ably arranged at the center part of each pixel.

3.1.3 Third Modification

FIG. 22 is a diagram showing a layout near the pixel for-
mation portion in a third modification. Similarly to the first
modification, the control wirings CTL are arranged so as to
extend in parallel with the source bus lines SL. Similarly to
the second modification, the transparent electrode has two
layers. It should be noted that the source electrode of the thin
film transistor T3 and the control wiring CTL are directly
connected as shown in FIG. 22. With the above configuration,
similarly to the first modification, the precharge potential is
not applied from one control wiring CTL to a plurality of thin
film transistors T3 at the same timing, and the load applied to
one control wiring CTL when performing the precharge can
be minimized. Further, similarly to the second modification,
the aperture ratio can be set larger than the aperture ratio in
each of the above embodiments, and the second-capacitor can
be set without affecting the aperture ratio.

3.1.4 Fourth Modification

FIG. 23 is a diagram showing a layout near the pixel for-
mation portion in a fourth modification. In the present modi-
fication, shapes of an upper-layer transparent electrode and a
lower-layer transparent electrode are as shown in FIG. 24.
The upper-layer transparent electrode 11a has a shape similar
to that in the second modification. In the present modification,
the lower-layer transparent electrode is divided into two por-
tions denoted by a reference character 1151 and a reference
character 1152 in FIG. 24. One lower-layer transparent elec-
trode 11561 functions as the bright display pixel electrode
1012, and the other lower-layer transparent electrode 1152
functions as the control wiring CTL. By using the lower-layer
transparent electrode 1152 having the shape as shown in FI1G.
24 for the control wiring CTL, in the present modification, the
control wirings CTL are provided in a lattice shape in the
display unit 100. The source electrode of the thin film tran-
sistor T3 and the control wiring CTL are electrically con-
nected by the source metal denoted by a reference character
SE7 and a contact CT7. It should be noted that, in the present
modification, an arrangement relationship between the pixel
formation portion and each line is as shown in FIG. 25, for
example. In the present modification, the lattice-shaped elec-
trode part is realized by the lower-layer transparent electrode
1152.
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FIG. 26 is a signal waveform diagram for describing a
driving method in the present modification (see also FI1G. 25).
To the control wiring CTL, a constant high level potential and
a constant low level potential are alternately applied in each
one horizontal scanning period. That is, as for the control
wiring CTL, alternate-current drive is performed. To the
source bus lines SL, the video signal in the positive polarity
and the video signal in the negative polarity are alternately
applied in each one horizontal scanning period. Further, at
any time point, the video signal of the same polarity is applied
to all the source bus lines SL. As described above, in the
present modification, the method referred to as the “1H line-
reversal drive” is employed regarding the polarity reversal of
pixels. It should be noted that, in FIG. 26, focusing on the
relationship between the video signal potential and the con-
trol wiring potential, a low level potential is applied to the
control wiring CTL when a video signal in the positive polar-
ity is applied to the source bus line SL, and a high level
potential is applied to the control wiring CTL when a video
signal in the negative polarity is applied to the source bus line
SL. However, this relationship may be opposite.

According to the present modification, similarly to the
second modification, the capacitance value of the second-
capacitor Ctr becomes large, and thus, the pixel electrode
potential Vpix2 is amplified in a larger size in the amplifica-
tion period Tb. Therefore, in the liquid crystal display device
having the multi-pixel structure, the image display similar to
the conventional image display can be performed, while set-
ting the amplitude of the video signal smaller. Accordingly,
the power consumption can be more effectively reduced.
Further, the control wiring CTL is formed by the transparent
electrode. Therefore, the aperture ratio can be improved.
Because the control wirings CTL are provided in a lattice
shape in the display unit 100, the resistance of the control
wiring CTL becomes small. It should be noted that, although
there has been described the example in which the control
wiring CTL is alternate-current driven, the control wiring
CTL may be direct-current driven as shown in FIG. 8.

3.1.5 Fifth Modification

A fifth modification and a sixth modification described
below are applied to a liquid crystal display device (herein-
after, referred to as “orientation division-type liquid crystal
display device”) including a pixel constituted by a plurality of
regions in which orientation states of liquid crystals (an incli-
nation direction of liquid crystal molecules) are different
from each other. It should be noted that the fifth modification
is described by comparing this modification with the second
modification (see FIG. 19), and the sixth modification is
described by comparing this modification with the third
modification (see FIG. 22).

FIG. 27 is a diagram showing a layout near the pixel for-
mation portion in the fifth modification. In the second modi-
fication, the control wiring CTL is arranged so as not to
vertically overlap with the transparent electrode. On the other
hand, in the present modification, the control wiring CTL is
arranged so as to vertically overlap with the transparent elec-
trode. Specifically, while dark lines 15 are generated in the
boundary parts of regions in the display unit 100 in the ori-
entation division-type liquid crystal display device, the con-
trol wirings CTL are formed by the gate metals such that the
control wirings CTL overlap with the dark lines 15 which are
generated so as to extend in parallel with the gate bus lines
GL. In this configuration, the source electrode of the thin film
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transistor T3 and the control wiring CTL are electrically
connected by the source metal denoted by a reference char-
acter SE8 and a contact CT8.

According to the present modification, in the orientation
division-type liquid crystal display device, because the con-
trol wirings CTL are formed so as to overlap with the dark
lines 15, reduction in the aperture ratio due to the provision of
the control wirings CTL can be effectively suppressed. It
should be noted that, also in the case where the transparent
electrode is configured by one layer as in each of the above
embodiments, the control wirings CTL can be formed to
overlap with the dark lines 15 which are generated so as to
extend in parallel with the gate bus lines GL.

In the present modification and the sixth modification
described later, the bright display sub pixel is preferably
arranged at the center part of each pixel formation portion.
Accordingly, suitable display considering the orientation
characteristic of the liquid crystal is performed. Further, the
orientation center of the bright display sub pixel preferably
matches the orientation center of the dark display sub pixel.
Accordingly, because the orientation center of the bright dis-
play sub pixel matches the orientation center of the dark
display sub pixel, the number of dark lines can be reduced,
and reduction in the transmission rate caused by the dark lines
can be suppressed. Regarding this point, for example, when
the transparent electrode is configured by one layer (see FIG.
6), dark lines are generated in the vertical direction and the
lateral direction both in the two transparent electrodes,
whereby the transmission rate falls.

3.1.6 Sixth Embodiment

FIG. 28 is a diagram showing a layout near the pixel for-
mation portion in a sixth modification. In the third modifica-
tion, the control wiring CTL is arranged so as to vertically
overlap with the end part of the lower-layer transparent elec-
trode 115. On the other hand, in the present modification, the
control wirings CTL is arranged so as to vertically overlap
with the center part of the lower-layer transparent electrode
1154. Specifically, the control wirings CTL are formed by the
source metal so that the control wirings CTL overlap with the
dark lines 15 which are generated so as to extend in parallel
with the source bus lines SL. In such a configuration, the drain
electrode of the thin film transistor T1 and the upper-layer
transparent electrode 11a are electrically connected by the
source metal denoted by a reference character SE9 and the
contact CT9. The drain electrode of the thin film transistor T3
and the upper-layer transparent electrode 11q are electrically
connected by the source metal denoted by a reference char-
acter SE10 and a contact CT10.

According to the present modification, similarly to the fifth
modification, in the orientation division-type liquid crystal
display device, because the control wirings CTL are formed
so as to overlap with the dark lines 15, reduction in the
aperture ratio due to the provision of the control wirings CTL
can be effectively suppressed. It should be noted that, also in
the case where the transparent electrode is configured by one
layer as in each of the above embodiments, the control wir-
ings CTL can also be formed to overlap with the dark lines 15
which are generated so as to extend in parallel with the source
bus lines SL.

3.1.7 Seventh Modification

FIG. 29 is a diagram showing a layout near the pixel for-
mation portion in a seventh modification. In the present modi-
fication, the lower-layer transparent electrode is divided into
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a portion 1151 that functions as the bright display pixel elec-
trode 1012 and a portion (hereinafter, referred to as “shield
electrode part”) 11563 that reduces the parasitic capacitance
formed between the transparent electrode (the upper-layer
transparent electrode and the lower-layer transparent elec-
trode) and the source bus line SL. That is, the configuration of
the present modification is a configuration where the shield
electrode part 11563 is added to the configuration of the second
modification (see FIG. 19). It should be noted that the com-
mon electrode potential Vcom is applied to the shield elec-
trode part 1153, for example.

FIG. 30 is a cross-sectional diagram taken along line A-A
in FIG. 29. FIG. 30 also shows the upper-layer transparent
electrode and the lower-layer transparent electrode in the
right adjacent pixel formation portion of the pixel formation
portion shown in FIG. 29. As shown in FIG. 30, the shield
electrode part 11563 is formed in the region between the source
bus line SL and the upper-layer transparent electrode 11a. By
providing the shield electrode part 1153 in this manner, a
parasitic capacitance C0 between the source bus line and the
transparent electrode (the transparent electrode excluding the
shield electrode part) is reduced. It should be noted that, in the
present modification, the shield electrode part 1153 is formed
s0 as to cover the source bus line SL. FIG. 31 is an equivalent
circuit diagram including the parasitic capacitance C0
between the source bus line and the transparent electrode and
the capacitance CH formed between the shield electrode part
and the transparent electrode. As can be seen from FIG. 31,
the capacitance CH formed between the shield electrode part
and the transparent electrode functions as an auxiliary capaci-
tor, and the influence that the variation in the video signal
potential (the potential of the source bus line SL) gives to the
pixel electrode potentials Vpixl, Vpix2 can be effectively
reduced.

3.1.8 Eighth Modification

FIG. 32 is a diagram showing a layout near the pixel for-
mation portion in an eighth modification. FIG. 33 is a cross-
sectional diagram taken along line A-A in FIG. 32. In the
seventh modification, the shield electrode part 1153 is formed
s0 as to cover the source bus line SL. However, in the present
modification, the shield electrode parts 1153 are formed to be
positioned at both sides of the source bus line SL in the planar
view. That is, the shield electrode parts 1153 are formed so as
not to overlap with the source bus line SL, in the region
between the source bus line SL and the lower-layer transpar-
ent electrode (the portion that functions as the bright display
pixel electrode 1012) 1151 in the direction to which the gate
bus line GL extends.

According to the present modification, as compared with
the seventh modification, the capacitor formed between the
source bus line SL and the shield electrode part 1153 can be
reduced. Therefore, an effect similar to that of the seventh
modification can be obtained, and the wiring capacitance of
the source bus line SL can be reduced.

3.1.9 Ninth Modification

FIG. 34 is a diagram showing a layout near the pixel for-
mation portion in a ninth modification. In the present modi-
fication, the shield electrode part 1153 in the seventh modi-



US 9,230,497 B2

31

fication (see FIG. 29) is configured to also function as the
control wiring CTL. Therefore, unlike in the seventh modifi-
cation, the control wirings CTL extending in parallel with the
gate bus lines GL are not provided. In such a configuration,
the source electrode of the thin film transistor T3 and the
shield electrode part 1153 (the control wiring CTL) are elec-
trically connected by the source metal denoted by a reference
character SE11 and a contact CT11.

According to the present modification, because one elec-
trode functions as both the shield electrode part 1153 and as
the control wiring CTL, an effect similar to that of the seventh
modification can be obtained also in the display device having
the high definition display unit 100. It should be noted that,
when a similar configuration is applied to the eighth modifi-
cation (see FIG. 32), the layout near the pixel formation
portion is as shown in FIG. 35.

3.2 Method of Polarity Reversal of Pixels

Regarding the polarity reversal of pixels, the following
method can be employed in addition to the “1H line-reversal
drive” employed in the first embodiment (see FIG. 8), for
example, and the “dot-reversal drive” employed in the first
modification (see FIG. 18), for example.

3.2.1 Tenth Modification

FIG. 36 is a signal waveform diagram for describing a
driving method in the tenth modification. In the present modi-
fication, an arrangement relationship between the pixel for-
mation portion and each line is as shown in FIG. 17, for
example. To the control wirings CTL, a constant high level
potential and a constant low level potential are alternately
applied in each one frame (one vertical scanning period). That
is, as for the control wirings CTL, alternate-current drive is
performed. Further, in the adjacent two control wirings (for
example, CTL(m) and CTL(m+1)), potentials of mutually
different levels are applied. To the source bus lines, the video
signal in the positive polarity and the video signal in the
negative polarity are alternately applied in each one frame
(one vertical scanning period). Further, video signals of
mutually different polarities are applied to adjacent two
source bus lines (for example, SL(m) and SL(m+1)). As
described above, regarding the polarity reversal of pixels, a
method referred to as a “column-reversal drive” can be also
employed. It should be noted that, in FIG. 36, focusing on the
relationship between the video signal potential and the con-
trol wiring potential, when a video signal in the positive
polarity is applied to a certain source bus line, a low level
potential is applied to the control wiring corresponding to the
source bus line, and when a video signal in the negative
polarity is applied to a certain source bus line, a high level
potential is applied to the control wiring corresponding to the
source bus line. However, this relationship may be opposite.

The driving method of the present modification can be
employed, for example, when the control wiring CTL is alter-
nate-current driven by arranging the layout near the pixel
formation portion in a configuration of the first modification
(see FIG. 16), the third modification (see FIG. 22), or the sixth
modification (see FIG. 28).

3.2.2 Eleventh Modification

FIG. 37 is a signal waveform diagram for describing a
driving method in the eleventh modification. It should be
noted that, in the present modification, an arrangement rela-
tionship between the pixel formation portion and each line is
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as shown in FIG. 38, for example. As shown in FIG. 38, when
focusing on one source bus line, pixel formation portions that
receive the supply of a video signal from the source bus line
are arranged in a zig-zag shape at both sides of the source bus
line. The source bus line is driven similarly to the tenth modi-
fication. To the control wiring, a constant high level potential
and a constant low level potential are alternately applied in
each one horizontal scanning period. That is, as for the control
wiring, alternate-current drive is performed. Further, in the
adjacent two control wirings (for example, CTL(m) and CTL
(m+1)), potentials of mutually different levels are applied.

The driving method of the present modification can be
employed, for example, when the control wiring CTL is alter-
nate-current driven by arranging the layout near the pixel
formation portion in a configuration of the first modification
(see FIG. 16), the third modification (see FIG. 22), or the sixth
modification (see FIG. 28).

According to the present modification, although the source
bus lines are driven similarly to the column-reversal drive,
because the pixel formation portions connected to the source
bus lines are arranged in a zig-zag shape, the occurrence of
flicker is suppressed.

3.2.3 Others

In the first embodiment and the second embodiment, the
examples that the 1H line-reversal drive is employed regard-
ing the polarity reversal of pixels are shown (see FIG. 8 and
FIG. 12). Concerning this, the 1H line-reversal drive can be
similarly employed also in the case where the layout near the
pixel formation portion is configured like the configuration of
the second modification (see F1G. 19) or the fifth modification
(see FIG. 27), for example.

In the first modification, the example in which the dot-
reversal drive is employed regarding the polarity reversal of
pixels is shown (see FIG. 18). Concerning this, the dot-rever-
sal drive can be similarly employed when the control wiring
CTL is alternate-current driven by having the layout near the
pixel formation portion in the configuration of the third modi-
fication (see FIG. 22) or the sixth modification (see FIG. 28),
for example.

3.3 Configuration of Pixel Formation Portion
3.3.1 Twelfth Modification

FIG. 39 is an equivalent circuit diagram showing a con-
figuration of the pixel formation portion in the present modi-
fication. In the present modification, as shown in FIG. 39, the
amplification circuit unit 13 is configured by two amplifica-
tion stages (a firstamplification stage 131 and a second ampli-
fication stage 132). The first amplification stage 131 includes
a thin film transistor T21, a thin film transistor T31, and a first
second-capacitor Ctrl. The second amplification stage 132
includes a thin film transistor T22, a thin film transistor T32,
a second second-capacitor Ctrl, and a first first-capacitor
Clcl. Moreover, as wirings passing through the pixel forma-
tion portion, the reset wirings RST1, RST2, and the control
wirings CTL1, CTL2 are provided in addition to the gate bus
line GL and the source bus line SL. Further, similarly to the
first embodiment, the pixel formation portion includes a thin
film transistor T1 and a second first-capacitor Clc2.
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In the above configuration, a dark display pixel electrode
1011 is present at one end of the first first-capacitor Clc1. That
is, the first first-capacitor Clcl is formed by the dark display
pixel electrode 1011 and the common electrode COM. Fur-
ther, a bright display pixel electrode 1012 is present at one end
of the second first-capacitor Clc2. That is, the second first-
capacitor Clc2 is formed by the bright display pixel electrode
1012 and the common electrode COM. Further, at one end of
the first second-capacitor Ctrl, there is an electrode (herein-
after, referred to as “first amplification electrode) 1021 for
forming a capacitor (a capacitor for amplifying the potential
of the bright display pixel electrode 1012) between the elec-
trode 1021 and the bright display pixel electrode 1012 or
between the electrode 1021 and the electrode electrically
connected to the bright display pixel electrode 1012. Because
the firstamplification electrode 1021 is electrically connected
to the dark display pixel electrode 1011, the potential of the
firstamplification electrode 1021 becomes equal to the poten-
tial of the dark display pixel electrode 1011. Further, at one
end of the second second-capacitor Ctr2, there is an electrode
(hereinafter, referred to as “second amplification electrode™)
1022 for forming a capacitor (a capacitor for amplifying the
potential of the dark display pixel electrode 1011) between
the electrode 1022 and the dark display pixel electrode 1011
or between the electrode 1022 and the electrode electrically
connected to the dark display pixel electrode 1011. It should
be noted that, in only the description of the present modifica-
tion, the potential of the second amplification electrode 1022
is denoted by the reference character Vpix1, the potential of
the dark display pixel electrode 1011 (the potential of the first
amplification electrode 1021) is denoted by the reference
character Vpix2, and the potential of the bright display pixel
electrode 1012 is denoted by a reference character Vpix3.

The connection relationship among the constituent ele-
ments in the pixel formation portion is as follows. As for the
thin film transistor T1, the gate electrode is connected to the
gate bus line GL, the source electrode is connected to the
source bus line SL, and the drain electrode is connected to one
end of the second second-capacitor Ctr2. As for the thin film
transistor 122, the gate electrode is connected to the reset
wiring RST?2, the source electrode is connected to the source
bus line SL, and the drain electrode is connected to one end of
the first first-capacitor Clcl and the other end of the second
second-capacitor Ctr2. As for the thin film transistor T32, the
gate electrode is connected to the reset wiring RST2, the
source electrode is connected to the control wiring CTL.2, and
the drain electrode is connected to one end of the second
second-capacitor Ctr2. The other end of the second second-
capacitor Ctr2, the drain electrode of the thin film transistor
T22, and one end of the first first-capacitor Clcl are con-
nected to one end of the first second-capacitor Ctrl and the
drain electrode of the thin film transistor T31. The other end
of the first first-capacitor Clel is connected to the common
electrode COM. As for the thin film transistor T21, the gate
electrode is connected to the reset wiring RST1, the source
electrode is connected to the source bus line SL, and the drain
electrode is connected to the other end of the first second-
capacitor Ctrl. As for the thin film transistor T31, the gate
electrode is connected to the reset wiring RST1, the source
electrode is connected to the control wiring CTL1, and the
drain electrode is connected to one end of the first second-
capacitor Ctrl. One end of the second first-capacitor Clc2 is
connected to the drain electrode of the thin film transistor T21
and the other end of the first second-capacitor Ctrl, and the
other end of the second first-capacitor Clc2 is connected to the
common electrode COM.
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FIG. 40 is a signal waveform diagram for describing the
operation of the pixel formation portion in the selection
period in the present modification. In this case, attention is
given to the pixel formation portion in which the writing in the
positive polarity is performed in the odd frame. In the present
modification, the selection period consists of the precharge
period Ta, the first amplification period Tb1, and the second
amplification period Th2.

First, in the precharge period Ta, the on-level potential is
applied to the reset wiring RST1 in the state where the oft-
level potential is applied to the gate bus line GL and the reset
wiring RST2. Accordingly, the thin film transistors T1, T22,
and T32 are placed in the off state, and the thin film transistors
T21, T31 are placed in the on state. As a result, the video
signal potential Vdata is applied to the bright display pixel
electrode 1012, and the potential Vctll of the control wiring
CTLA1 is applied to the dark display pixel electrode 1011.

Next, in the first amplification period Tb1, the on-level
potential is applied to the reset wiring RST?2 in the state where
the off-level potential is applied to the gate bus line GL and
the reset wiring RST1. Accordingly, the thin film transistors
T1,T21, and T31 are placed in the off state, and the thin film
transistors 122, T32 are placed in the on state. As a result, the
video signal potential Vdata is applied to the dark display
pixel electrode 1011. That is, the pixel electrode potential
Vpix2 rises from Vctll to Vdata. At this time, because the
bright display pixel electrode 1012 is in the floating state, the
pixel electrode potential Vpix3 rises via the first second-
capacitor Ctrl with the rise in the pixel electrode potential
Vpix2. Further, in this period, the potential Vctl2 of the con-
trol wiring CTL2 is applied to the second amplification elec-
trode 1022.

Next, in the second amplification period Th2, the on-level
potential is applied to the gate bus line GL in the state where
the oft-level potential is applied to the reset wirings RST1,
RST2. Accordingly, the thin film transistor T1 is placed in the
on state, and the thin film transistors T21, T31, T22, and T32
are placed in the off state. As a result, the video signal poten-
tial Vdata is applied to the second amplification electrode
1022. That is, the potential Vpix1 of the second amplification
electrode 1022 rises from Vctl2 to Vdata. At this time,
because the dark display pixel electrode 1011 and the bright
display pixel electrode 1012 are in the floating state, with the
rise in the potential Vpix1 of the second amplification elec-
trode 1022, the pixel electrode potential Vpix2 rises via the
second second-capacitor Ctr2, and the pixel electrode poten-
tial Vpix3 rises via the second second-capacitor Ctr2 and the
first second-capacitor Ctrl. After the second amplification
period Th2 ends, the potential Vpix1 of the second amplifi-
cation electrode 1022 falls by AVgl, the pixel electrode
potential Vpix2 falls by AVg2, and the pixel electrode poten-
tial Vpix3 falls by AVg3.

According to the present modification, the pixel electrode
potential Vpix3 is set equal to the video signal potential Vdata
in the precharge period Ta, and thereafter, is amplified in the
first amplification period Tb1 and the second amplification
period Th2. In this manner, the potential of the bright display
pixel electrode 1012 is amplified in two stages. Further, the
pixel electrode potential Vpix2 is set equal to the video signal
potential Vdata in the first amplification period Tb1, and
thereafter, is amplified in the second amplification period
Tb2. In this manner, the potential of the dark display pixel
electrode 1011 is also amplified. As a result, the pixel elec-
trode potential Vpix2 and the pixel electrode potential Vpix3
after the occurrence of the voltage variation after the selection
period ends become the values shown in the following equa-
tion (7) and the equation (8), respectively.
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[Mathematical Formula 4]
Vo = |1 Crrl-Cor2 (7
pre=1+ Cirl(Cl2 + Cpl) + Corl -Cir2 +
Ctr2(Cle2 + Cpl) + Cp2(Crrl + Cle2 + Cpl)
va Crrl-Cor2
ata = Cirl(Cle2 + Cpy + Corl-Cir2 +
Ctr2(Cle2 + Cpl) + Cp2(Crrl + Clc2 + Cpl)
Veil2 — AVg2
[Mathematical Formula 5]
Cirl 8)

Vpix3=|1+

_—
Crrl + Cle2 + Cpl

Crrl - Crr2
Ctrl(Cle2 + Cpl) + Crrl - Cor2 +

Ctr2(Cle2 + Cpl) + Cp2(Crrl + Clc2 + Cpl)

Crrl

vdata - [1 * T+ Claz + Cpl

] Vel

Crrl-Cor2
Ctrl(Cle2 + Cpl) + Ctrl - Cor2 +

Ctr2(Cle2 + Cpl) + Cp2(Cirl + Cle2 + Cpl)

-Verl2 — AVg3

Here, Cp1 represents the capacitance value of the parasitic
capacitance at the node 16 in FIG. 39, and Cp2 represents the
capacitance value of the parasitic capacitance at the node 17
in FIG. 39.

As described above, the bright display pixel electrode
potential Vpix3 is greatly amplified, and the dark display
pixel electrode potential Vpix2 is also amplified. Therefore,
in the liquid crystal display device having the multi-pixel
structure, the amplitude of the video signal can be set remark-
ably smaller than the conventional amplitude, and the power
consumption can be substantially reduced more than the con-
ventional power consumption.

It should be noted that, in place of the configuration shown
in FIG. 39, one end of the first first-capacitor Clc1 that is the
bright display pixel electrode 1011 may be configured to be
electrically connected to the drain electrode of the thin film
transistor T1. In this case, the difference between the bright
display pixel electrode potential and the dark display pixel
electrode potential can be made large.

Although an example has been described in which the
amplification circuit unit 13 is configured by two amplifica-
tion stages, the amplification circuit unit 13 may be config-
ured by three or more amplification stages. In this case, the
drain electrode of the thin film transistor T1 is connected to
the drain electrode of a thin film transistor that functions as
the third switching element out of the thin film transistors
included in the amplification stage arranged electrically far-
thest from the bright display pixel electrode 1012 out of the
plurality of amplification stages. Further, the bright display
pixel electrode 1012 is connected to the drain electrode of a
thin film transistor that functions as the second switching
element out of the thin film transistors included in the ampli-
fication stage arranged electrically closest to the bright dis-
play pixel electrode 1012 out of the plurality of amplification
stages. Further, focusing on two continuous amplification
stages, the drain electrode of a thin film transistor that func-
tions as the second switching element out of the thin film
transistors included in the amplification stage arranged elec-
trically farther from the bright display pixel electrode 1012 is
connected to the drain electrode of a thin film transistor that
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functions as the third switching element out of the thin film
transistors included in the amplification stage arranged elec-
trically closer to the bright display pixel electrode 1012. The
dark display pixel electrode 1011 may be included in any
amplification stage except the amplification stage arranged
electrically closest to the bright display pixel electrode 1012,
and may be connected to the drain electrode of the thin film
transistor T1.

3.4 Adjustment of Amplification Amount for Each
Color

While a general color liquid crystal display device includes
three pixels for an R (red) color, a G (green) color, and a B
(blue) color, the amplification amount of the pixel electrode
potential Vpix2 in the amplification period Tb can be also
adjusted for each color. Accordingly, the view angle charac-
teristic can be adjusted more minutely. Hereinafter, specific
realization methods will be described as a thirteenth modifi-
cation and a fourteenth modification.

3.4.1 Thirteenth Modification

In the present modification, the capacitance value of the
second-capacitor Ctr has a value different for each color. As
described above, the size V1 of the rise in the pixel electrode
potential Vpix2 in the amplification period Tb is expressed by
the equation (1). From the equation (1), it is understood that
when the capacitance value of the second-capacitor Ctr is
different, V1 is also different. Therefore, by setting the
capacitance value of the second-capacitor Ctr to a different
value for each color, the amplification amount of the pixel
electrode potential Vpix2 in the amplification period Tb
becomes also different for each color. In this manner, the view
angle characteristic can be adjusted more minutely. It should
be noted that, in the case of athree-color liquid crystal display
device, for example, the second-capacitor Ctr for only one
color may have a capacitance value different from the capaci-
tance values of the other two colors.

3.4.2 Fourteenth Modification

In the present modification, the control wiring potential
Vctl has a different value for each color. As for this, from the
equation (1), it is also understood that when the control wiring
potential Vetl is different, V1 is also different. Therefore, by
setting the control wiring potential Vctl to a value different
for each color, the amplification amount of the pixel electrode
potential Vpix2 in the amplification period Tb becomes also
different for each color. In this manner, the view angle char-
acteristic can be adjusted more minutely. It should be noted
that the present modification may be applied to the case where
the control wirings CTL are arranged so as to extend in
parallel with the source bus lines SL (see FIG. 17, FIG. 38).

DESCRIPTION OF REFERENCE CHARACTERS

13: AMPLIFICATION CIRCUIT UNIT

100: DISPLAY UNIT

102: AMPLIFICATION ELECTRODE

111: TRANSPARENT ELECTRODE (TRANSPARENT
ELECTRODE THAT FUNCTIONS AS DARK DIS-
PLAY PIXEL ELECTRODE)

112: TRANSPARENT ELECTRODE (TRANSPARENT
ELECTRODE THAT FUNCTIONS AS BRIGHT DIS-
PLAY PIXEL ELECTRODE)

1011: DARK DISPLAY PIXEL ELECTRODE
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1012: BRIGHT DISPLAY PIXEL ELECTRODE

COM: COMMON ELECTRODE

T1: THIN FILM TRANSISTOR (FIRST SWITCHING
ELEMENT)

T2: THIN FILM TRANSISTOR (SECOND SWITCHING
ELEMENT)

T3: THIN FILM TRANSISTOR (THIRD SWITCHING
ELEMENT)

Clcl: FIRST FIRST-CAPACITOR

Clc2: SECOND FIRST-CAPACITOR

Ctr: SECOND-CAPACITOR

GL: GATE BUS LINE

SL: SOURCE BUS LINE

CTL: CONTROL WIRING

RST: RESET WIRING

Vetl: CONTROL WIRING POTENTIAL

Veom: COMMON ELECTRODE POTENTIAL

Vdata: VIDEO SIGNAL POTENTIAL

Vpixl: DARK DISPLAY PIXEL ELECTRODE POTEN-
TIAL

Vpix2: BRIGHT DISPLAY PIXEL ELECTRODE
POTENTIAL

The invention claimed is:

1. An active matrix-type display device, comprising:

a plurality of video signal lines;

aplurality of scanning signal lines intersecting the plurality
of video signal lines;

a plurality of pixel formation portions arranged in a matrix
form at respective intersections of the plurality of video
signal lines and the plurality of scanning signal lines;

acommon electrode provided so as to be shared among the
plurality of pixel formation portions;

first control wirings that intersect at least one of the plural-
ity of video signal lines and the plurality of scanning
signal lines; and

second control wirings provided in one-to-one correspon-
dence with the plurality of scanning signal lines,

wherein

each of the pixel formation portions includes
a first pixel electrode and a second pixel electrode to

which potentials according to an image to be dis-
played are to be applied,

a first first-capacitor formed by the first pixel electrode
and the common electrode,

a second first-capacitor formed by the second pixel elec-
trode and the common electrode,

an amplification circuit unit for amplifying the potential
of the second pixel electrode, and

a first switching element having a control terminal con-
nected to the scanning signal line, a first conductive
terminal connected to the video signal line, and a
second conductive terminal connected to the amplifi-
cation circuit unit,

the amplification circuit unit includes an amplification
stage, the amplification stage including
a second switching element having a control terminal

connected to the second control wiring, and a first
conductive terminal connected to the video signal
line,

a third switching element having a control terminal con-
nected to the second control wiring, and a first con-
ductive terminal connected to the first control wiring,
and

a second-capacitor provided between a second conduc-
tive terminal of the second switching element and a
second conductive terminal of the third switching ele-
ment,
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the second conductive terminal of the first switching ele-
ment is connected to the second conductive terminal of
the third switching element,

the first pixel electrode is connected to the second conduc-
tive terminal of the third switching element,

the second pixel electrode is connected to the second con-
ductive terminal of the second switching element,

for any pixel formation portion among the plurality of pixel
formation portions,

one frame period during which display of one screen is
performed includes a selection period and a non-se-
lection period other than the selection period, the
selection period being for changing potentials of the
first pixel electrode and the second pixel electrode
according to the image to be displayed and including
a first period and a second period,

to a corresponding first control wiring, a constant poten-
tial is applied, or a constant high level potential and a
constant low level potential are alternately applied,

to a corresponding second control wiring, a potential for
placing the second switching element and the third
switching element in an on state is applied in the first
period, and a potential for placing the second switch-
ing element and the third switching element in an off
state is applied in a period other than the first period,
and

to a corresponding scanning signal line, a potential for
placing the first switching element in an on state is
applied in the second period, and a potential for plac-
ing the first switching element in an off state is applied
in a period other than the second period,

when a center potential between a maximum potential and
a minimum potential that can be applied to the plurality
of video signal lines is a reference potential, a potential
of the common electrode is set to a potential lower than
the reference potential by a value equal to a size of a
change in a potential of the first pixel electrode caused
by a change in a potential of the scanning signal line
when shifting from the selection period to the non-se-
lection period, and

apotential of the first control wiring is set such that a center
potential between the potential of the second pixel elec-
trode in a selection period during which a potential
higher than the potential of the common electrode is to
be applied to the second pixel electrode and the potential
of the second pixel electrode in a selection period during
which a potential lower than the potential of the common
electrode is to be applied to the second pixel electrode
becomes equal to the potential of the common electrode.

2. The display device according to claim 1, wherein

a potential Vct1 of the first control wiring is set to a value
calculated by the following equation:

Vetl=Vd1+Vd2-Vcom—-AVg2

wherein Vd1 represents a maximum potential that can be
applied to the plurality of video signal lines, Vd2 represents a
minimum potential that can be applied to the plurality of
video signal lines, Vcom represents a potential of the com-
mon electrode, and AVg2 represents a size of a change in the
potential of the second pixel electrode caused by a change in
the potential of the scanning signal line when shifting from
the selection period to the non-selection period.
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